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Bibliography of Biographies of Entomologists* 


(Supplement) 


Mathilde M. Carpenter 


Smithsonian Institution, Washington, D.C. 


The present bibliography is both a continuation of and a supplement to 
my earlier one published in The American Midland Naturalist, 33 (1) :1-116, 
1945, including additional references overlooked in the preparation of its 
predecessor. 

It will be noted that the names of many individuals who did very little 
work in entomology are listed, but if even a single paper was published the 
name of the author has been included. Thus this bibliography supplies infor- 
mation supplementary to that in the Index Litteraturae Entomologicae by 
Horn and Schenkling, 1928-29. 

Some reviewers have questioned the advisability of including in the earlier 
bibliography the names of collectors, but my experience as a librarian has 
shown that there is a considerable demand for this information, so the same 
procedure has been followed here. 

This work at best is far from complete, and inevitably many names and 
references may have escaped my notice. 

I wish to take this opportunity for thanking most cordially all who have 
shown such an interest in this supplement as to send additional data, as well 
as corrections of dates and names. I am especially indebted to Harry B. Weiss 
and Mortimer D. Leonard for their many helpful contributions. 


Bibliography of Biographies of Entomologists 


(SUPPLEMENT) 
Italicized letters A. = Anonymous, B. = Bibliography, P. = Portrait. 


AacsorG, Niels Mikkelsen (1562-1645). Henriksen, K. L., Ent. Meddelelser 15:25, 
1921. 

AALL, Nicolai Benjamin (1805-1888). Natvig, L. R., P., Norsk Ent. Tidskrift 7:45-47, 
1944 


Aaron, Samuel Francis ( -1947). A., Ent. news 58:49, 1947; Calvert, P. P., Ent. 
News 58:137-140, 1947; Weiss, H. B., Ent. News 58:235-236, 1947. 

AssoT, John (1750-1840). Bassett, A. S., Auk 55:244-254, 1938; Allen, E. G., Auk 
59 :563-571, 1942; Chamberlin, R. V., et al., P., Bull. Univ. Utah 35 (9) (Biol. 
Ser. 8(5) ) :7-24, 1944; Scudder, S. H., Canadian Ent. 20:150-154, 1888; Kirby, 
W. F., Ann. Rpt. Ent. Soc. Ont. 19:50-51, 1888; Remington, C. L., P., Lepidop- 
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terists’ News 2:28-30, 1948. 

Assot, Walter Sidney (1879-1943). Osborn, H., Fragments Ent. Hist. 2:57, 1946. 

ABEL, Ludwig ( -1940). A., Ztschr. Wien. Ent. Ver. 26:32, 1941. 

ABILDGAARD, Peter Christian (1740-1801). Henriksen, K. L., P., Ent. Meddelelser 
15:103-105, 1923. 

ABRAHAM, Rudolf (1905-1942). Sachtleben, H., Arb. Phys. Angew. Ent. 9:55, 1942. 

Ast, Veli Kurt (1892-1920). A., Notulae Ent. 1:26, 1921. 

Acers!i, Giuseppe (1773-1846). Rose, H. J., New Gen. Biog. Dict. 1:71, 1850. 

Acnarius, Eric (1757-1819). Rose, H. J., New Gen. Biog. Dict. 1:72-73, 1850. 

ACKERMAN, Arthur John (1889-1937). Osborn, H., Fragments Ent. Hist. 2:57, 1946. 

Acosta, José d’ (1539-1600). Dusmet y Alonso, J. M., Bol. Soc. Ent. Espafia 2:76-77, 
1919; Hagen, V. W. von, Green World of the Naturalists pp. 56-75, 1948. 

Acqua, Camillo (1863-1936). Lombardi, L., B., P., Riv. Biol. (Firenze) 21:150-158, 
1936; Lombardi, L., Boll. Staz. Sper. Gelsic. Bachic Ascoli Piceno 15:iii-v, 1936. 

Apams, Charles Frederick (1877-1950). A., P., Jefferson City, Mo. Sunday News & 
Tribune, Jan. 22, p. 1, 1950; Cattell, J., Amer. Men of Sci. p. 8, 1949. 

AvAMS, Herbert Jordan (1838-1912). A., Ent. Mo. Mag. 48:243, 1912; Morice, F. D., 
Trans. Ent. Soc. Lond. (Proc.) :clxiv, 1912. 

ApaMson, Alastair Martin (1901-1945). A., P., Trop. Agriculture (Trinidad) 23:3-4, 
1946. 

Apamson, Michel (1727-1806). Cuvier, G., Eloges Historiques pp. 131-161, 1835; 
Eiselt, J. N., Geschichte, Systematik und Literatur der Insectenkunde p. 54, 1836; 
Rose, H. J., New Gen. Biog. Dict. 1:97-98, 1850; Larousse, P., Grand Dict. 
Univ. du xix Siecle 1:87, 1865-76. 

Anois, Clarence John, Jr. (1921-1946). Chandler, A. C., P., Journ. of Parasitol. 32:585- 
586, 1946. 

ADENSAMER, Theodor (1867-1900). A., Verh. Zool.-Bot. Ges. Wien 50:579, 1900. 

ADKIN, Benaiah Whitley (1865-1948). “C. G. M. de W.,” Entomologist 82:22, 1949. 

ApRIAANSE, Aloys (1908(?)-1946). Wilcke, J., Ent. Berichten 12:33, 1946. 

ApyE, James Mortimer (1860(?)-1895). A., Ent. Mo. Mag. 31:122, 1895; Meldola, 
R., Trans. Ent. Soc. Lond. (Proc.) :Ixx-Ixxi, 1895 

AELIANUS, Claudius ( - ). Eisele, J. N., Geschichte, Systematik und Literatur 
der Insectenkunde p. 12, 1836; Rose, H. J., New Gen. Biog. Dict. 1:123-124, 
1850. 

Agassiz, Alexandre (1835-1910). Gardiner, J. S., Proc. Linn. Soc. Lond. pp. 83-86, 
1910; Machon, F., Bull. Soc. Waudoise Sci. Nat. 46 (Procés-Verbeaux ) :xxxix-xl, 
1910. 

Aaassiz, Jean Louis Rodolphe (1807-1873). A., Nat. Canadien 6:22-24, 1874; A., 
Globus 25:126-127, 1874; Ratzeburg, J. T. C., Forstwissenschaftliches Schriftstel- 
ler-Lexikon pp. 1-4, 1874; Porchet, F., et al., P., Bull. Soc. Waudoise Sci. Nat. 
43 :301-386, 1907; Jaffe, B., Men of Science in Amer. pp. 233-257, 1944. 

AGRICOLA, GEORG (1494-1555). Eiselt, J. N., Geschichte, Systematik und Literatur der 
Insectenkunde p. 16, 1836; Rose, H. J., New Gen. Biog. Dict. 1:160, 1850; 
Larousse, P., Grand Dict. Univ. du xix Siecle 1:141, 1865-76. 

AHLWARDT, Karl (1873-1915). Schumacher, F., P., Deutsche Ent. Ztschr. pp. 222-224, 
1915. 

AICHHORN, Sigmund Johann Nepomuk (1814-1892). Rumpf, J., P., Mite. Naturw. 
Ver. Steiermark 29:246-261, 1892. 

AIGNER-ABAFI, Ludwig von (1840-1909). “A. H. J.,” Ent. Record 21:244, 1909; A., 
P., Ent. Rundschau 26:86, 1909. 

AINSLIE, Charles Nicholas (1856-1939). Sachtleben, H., Arb. phys. angew. Ent. 
Berlin-Dahlem 7:169, 1940; Osborn, H., P., Fragments of Ent. Hist. 2:57-58, 
1946. 

ALAMANNI, Luigi (1495-1556). Rose, H. J., New. Gen. Biog. Dict. 1:201-202, 1850; 
Larousse, P., Grand Dict. Univ. du xix Siécle 1:171, 1865-76. 

ALBERS, Gustave ( -1893). Barthe, E., Miscellanea Ent. 2:107, 1894. 

ALBERTIS, Luigi Maria d’ (1841-1901). Ross, E., Internat. Ent. Ztschr. 27:388, 1933. 

ALBEeRTUS, Magnus (1193-1280). Eiselt, J. N., Geschichte, Systematik und Literatur 
der Insectenkunde p. 14, 1836; Rose, H. J., New Gen. Biog. Dict. 1:233-234, 
1850; Henriksen, K, L., Ent. Meddelelser 15:8-9, 1921; Brockhaus, F. A., P., 
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Der Grosse Brockhaus 1:243, 1928. 

ALBIN, Eleazar (1713(?)-1759(?)). Eiselt, J. N., Geschichte, Systematik und Literatur 
der Insectenkunde p. 30, 1836. 

A.siNus, Bernhard Sigfrid (1697-1770). Rose, H. J., New Gen. Biog. Dict. 1:237, 
1850. 

ALBRECHT, Johann (1695-1774). Rose, H. J., New Gen. Biog. Dict. 1:240, 1850. 

Atcock, Alfred William (1859-1933). A., Nature 131:573-575, 1933; “B. P.,” P., 
Journ. Bombay N. H. Soc. 36:726-728, 1933; Manson-Bahr, P., P., Trans. Roy. 
Soc. Trop. Med. & Hyg. 27:213-215, 1933. 

AtprRICH, John Merton (1866-1934). Porter, C. E., B., P., Rev. Chilena Hist. Nat. 
38:76-77, 1934; Hatch, M. H., P., Century of Entomology in Pacific Northwest 
p. 10, 1949. 

ALDROVANDI (ALDROVANDUS), Ulysse (1522-1605). Eiselt, J. N., Geschichte, Syste. 
matik und Literatur der Insectenkunde pp. 18-19, 1836; Jardine, W., P., Natural- 
ist’s Library 17:17-58, 1848; Rose, H. J., New Gen. Biog. Dict. 1:257-258, 1850; 
Larousse, P., Grand Dict. Univ. du xix Siecle 1:187, 1865-76; Henriksen, K. L., 
Ent. Meddelelser 15:12-13, 1921. 

ALEXANDRE, Auguste (1811-1886). Bourgeois, J., Ann. Soc. Ent. France (6) 6 
(Bull.) :cxevii, 1886. 

ALLAN, William (1820-1915). Hamilton, A. G., Proc. Linn. Soc. N. S. Wales 41:5, 
1916. 

ALLARD, Ernest ( -1900). Giard, A., Bull. Soc. Ent. France p. 42, 1900. 

ALLARD, Gaston (1838(?)-1918). Edwards, S., Proc. So. Lond. Ent. & N. H. Soc. p. 
37, 1918-19; Desbordes, H., et al., Bull. Soc. Ent. France p. 50, 1918. 

ALLEN, James Edward Rothwell (1866-1916). Burrows, C. R. N., Ent. Record 29:67- 
68, 1917. 

ALLEON-DULAC, Jean Louis ( -1768). Rose, H. J., New Gen. Biog. Dict. 1:348, 
1850. 

ALLIONI, Carlo (1725-1805). Rose, H. J., New Gen. Biog. Dict. 1:352, 1850; 
Larousse, P., Grand Dict. Univ. du xix Siecle 1:221, 1865-76. 

AtpINt (ALPINUS) Prospero (1553-1617). Rose, H. J., New Gen. Biog. Dict. 1:361- 
362, 1850; Larousse, P., Grand Dict. Univ. du xix Siécle 1:236, 1865-76. 
Atstep (A.sTepius) Johann Heinrich (1588-1638). Rose, H. J., New Gen. Biog. 

Dict. 1:364, 1850. 

AttuM, Bernard (1827-1900). Ratzeburg, J. T. C., Forstwissenschaftliches Schriftstel- 
len-Lexikon pp. 9-11, 1874. 

Amatus LusITANuS (Joao Rodriguez de Castello Branco) (1511-1568). Rose, H. J., 
New Gen. Biog. Dict. 1:379, 1850. 

AMES, Sarah ( -1902). A., Ent. Record 14:139, 1902. 

AMMANN, Josef (1873-1940). Heikertinger, F., Koleopt. Rundschau 26:92, 1940; 
Sachtleben, H., Arb. Morph. Taxon. Ent. Berlin-Dahlem 8:77, 1941; A., Ent 
Blatter 36:157, 1940. 

AMMITZBOLL, Ivar Frederick Christian (1847-1934). Engelhart, C., P., Ent. Meddel- 
elser 12:15, 1918. 

AmorettI, Carlo (1741-1816). Rose, H. J., New Gen. Biog. Dict. 1:405, 1850; 
Larousse, P., Grand Dict. Univ. du xix Sieclle 1:283, 1865-76. 

AMOREUX, Pierre Joseph (1741-1824). Rose, H. J., New Gen. Biog. Dict. 1:405, 1850; 
Larousse, P., Grand Dict. Univ. du xix Siecle 1:283, 1865-76. 

ANDERSON, James (1739-1808). Rose, H. J., New Gen. Biog. Dict. 1:430-431, 1850; 
Larousse, P., Grand Dict. Univ. du xix Siécle 1:334, 1865-76. 

ANDERSON, John (1873(?)-1939). A., P., Amer. Bee Journ. 79:340, 1939. 

Anpersson, Carl Johan (1827-1867). MacGillavry, D., B., Ent. Berichten 12:173-175, 
1947. 

ANDERSSON, Snickare Eric (1890(?)-1939). A., P., Bitidningen 2(2):42, 1940. 

ANDRADE, Edmundo Navarro de (See under NAVARRO). 

AnprE, Albert Argod-Vallon (1859-1936). A., Arb. Morph. Taxon. Ent. Berlin- 
Dahlem 4:160, 1937. 

ANbRE, Jacques Ernest Edmond (1844-1891). “F.,’ Krancher’s Ent. Jahrbuch p. 197, 
1892. 

Anpreas, Karl (1867(?)-1932). Gaul, W., Ent. Ztschr. (Frankfurt) 46:133, 1932. 
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ANDREINI, Alfredo (1870-1943). DeBeaux, O., Ann. Mus. Civ. Stor. Nat. (Genova) 
62:(1)-(2), 1945. 

Anopres, Adolf ( -1931). “G. O.,” Ent. Ztschr. (Frankfurt) 45:170-171, 1931. 

ANDREWES, Frederick (1859-1932). “E. B. P.,” P., Obit. Notices Fellows Roy. Soc. 
(Lond.) 1:37-44, 1932. 

Anprews, H. L. ( -1946). Williams, C. B., Proc. Roy. Ent. Soc. Lond. (C) 13:66, 
1948.49, 

ANGELL, John Watson (1885-1946). Bromley, S. W., Journ. N. Y. Ent. Soc. 54:290, 
1946. 

ANGLEMAN, John Barton (1860-1926). Engelhardt, G. P., Bull. Bklyn. Ent. Soc. 
21:181, 1926. 

ANKER, Ludwig (1822-1887). Aigner, L., P., Rovartani Lapok (Budapest) 8:197-203, 
German summary 8(10) :23, 1901. 

ANKER, Rudolf (1824-1901). Aigner, L., Rovartani Lapok (Budapest) 8:197-203, 
German summary 8(10) :23, 1901. 

ANNAND, Percy Nicol (1898-1950). A., P., Evening Star, Washington, D. C., Mar. 
30, Sect. A, p. 26, 1950; A., P., Washington Post, Mar. 30, Sect. B, p. 2, 1950; 
A., Washington Daily News, Mar. 30, p. 53, 1950; Who's Who in America 
25:73, 1948-49; Cattell, J., Amer. Men of Science 8th ed., p. 60, 1949. 

ANNANDALE, Thomas Nelson (1876-1924). “S. K.,” et al., B., P., Rec. Indian Mus. 
27:1-28, 1925. 

ANNONE, Jean Jacques d’ (1728-1804). Rose, H. J., New Gen. Biog. Dict., 1:483, 
1850. 

ANTIGA Y SUNYER, Pedro (1854-1904). Morice, F. D., Ent. Mo. Mag. 40:239, 1904; 
Dusmet y Alonso, J. M., Bol. Soc. Ent. Espafia 2:174-175, 1919. 

APFELBECK, Viktor (1859-1934). Apfelbeck, V., B. only (1889-1922), Glasnik Zem. 
Bosn. Hercegovini 35:31-47, 1923. 

APHELEN, Hans von (1719-1779). Henriksen, K. L., Ent. Meddelelser 15:26, 1921. 

Apicius (Apitius), Caelius ( - ). Rose, H. J., New Gen. Biog. Dict. 2:42, 
1853; Larousse, P., Grand Dict. Univ. du xix Siecle 1:476, 1865-76. 

Arcas, Laureano Perez (See under PEREZ ARCAS). 

Arcaya, Manuel Diaz de (1841-1916). Lopez de Zuazo, J. L., P., Bol. Soc. Aragon. 
Cienc. Nat. 16:96-113, 1917. 

ARCHER, Francis (1839-1892). A., Ent. Record 3:80, 1892; Capper, S. J., Ent. Mo. 
Mag. 28:112, 1892; Reade, T. M., P., Naturalist (Lond.) pp. 113-116, 1892; 
A., Entomologist 25:100, 1892. 

ARECHAVALETA, Joseph ( -1912). A., Deutsche Ent. Ztschr. p. 608, 1912. 

Arcop, Albert (1859(?)-1936). Barthe, E., Miscellanea Ent. 37:123-124, 1936. 

ARISTOTLE (384 B.c.-322 B.c.). Eiselt, J. N., Geschichte, Systematik und Literatur der 
Insectenkunde pp. 3-10, 1836; Jardine, W., P., Naturalist’s Library 14:17-112, 
1848; Rose, H. J., New Gen. Biog. Dict. 2:142-153, 1853; Larousse, P., Grand 
Dict. Univ. du xix Siecle 1:631-632, 1865-76; Schenkling, S., Illustr. Wochen- 
schrift f. Ent. 1:469-473, 491-493, 1896; Burckhardt, R., Zoologische Annalen 
3:69-77, 1910; Brockhaus, F. A., Der Grosse Brockhaus 1:666-667, 1928; Pel- 
lett, K. L., Amer. Bee Journ. 69:346-347, 1929; Lizer y Trelles, C. A., Curso de 
Entomologia (Arg.) 1:5-7, 1947; Conrad, A., Sitz.-Ber. Ges. Naturf. Freunde 
Berlin pp. 147-152, 1940. 

ARMITAGE, Edward (1817-1896). A., Ent. Mo. Mag. 32:164, 1896. 

ARNOLD, Eugen (1866-1939). Kell, F. S., Mitt. Muench. Ent. Ges. 30:437-439, 1940; 
Sachtleben, H., Arb. Morph. Taxon. Ent. Berlin-Dahlem 7:170, 1940. 

ARNOLD, Walter (1892-1938). Heikertinger, F., Koleopt. Rundschau 25:78, 1939. 

Aro, Johan Emil (1874-1928). Forsius, R., Notulae Ent. (Finland) 8:63-64, 1928. 

ArpPE, Toimi Auvo Akseli (1917-1941). Kangas, Y., Ann. Ent. Fennici 10:156, 1944. 

Arrow, Gilbert John (1873-1948). Blair, K. G., Ent. Mo. Mag. 84:264, 1948. 

AsHBy, Edwin (1861-1941). Winckworth, R., Proc. Linn. Soc. Lond. 153:287-288, 
1940-41. 

Asuby, Sidney Robert (1864-1944). Jarvis, C. M., P., Proc. & Trans. So. Lond. Ent. 
& N. H. Soc. pp. xxv-xxvii, 1944-45; Jarvis, C. M., Ent. Mo. Mag. 80:264, 1944. 

AsHMEAD, William Harris (1855-1908). Essig, E. O., B., P., Hist. Applied Ent. pp. 
539-541, 1932; A., P., Ent. Rundschau 26:3, 1909. 
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ATKINSON, William Stephen ( -1876). Westwood, J. O., Trans. Ent. Soc. Lond. 
(Proc.) :xliv, 1876. 

Arze, Christian Gotlieb ( -1826). Rose, H. J., New Gen. Biog Dict. 2:313, 1853. 

AuBE, Charles (1802-1869). Marseul, S. A. de, B. only, L’Abeille, 20 (Les Entom. et 
leurs Ecrits) :1-5, 1882. 

AupriET, Claude (1651-1743). Rose, H. J., New Gen. Biog. Dict. 2:320-321, 1853; 
Larousse, P., Grand Dict. Univ. du xix Siécle 1:917, 1865-76. 
AupgEoup, Georges (1874-1943). “J. R.,” B., P., Mitt. Schweiz. Ent. Ges. 19:209-216, 
1945; Olivier, J., B., P., Verh. Schweiz. Naturf. Ges. 123 :293-295, 1943. 
Aupbouln, Jean Victor (1797-1841). Bouvier, L. E., P., Ann. Sci. Nat. (Zool.):17:1- 
3, 1934; Ratzeburg, J. T. C., Forstwissenschaftliches Schriftsteller-Lexikon pp. 18- 
19, 1874. 

AuMONT, Louise Caroline d’ (1827-1853). Mulsant, E., P., Opuscules Entomologiques 
6:184-196, 1855; Mulsant, E., Ann. Soc. Linn. Lyon, n. s. 2:284-296, 1855. 

AussErRER, Anton (1843-1889). Bonnet, P., P., Bibliographia Araneorum 1:47-48, 1945. 

AUSTEN, Ernest Edward (1867-1938). Roubaud, E., Bull. Soc. Path. Exot. 31:178, 
1938; Smart, J., B., Journ. Soc. Bibl. Nat. Hist. 2:43-49, 1945; Riley, N. D. et 
al., Nature 141:358-359, 1938. 
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ADDENDA AND CORRIGENDA 


Mathilde M. Carpenter, Bibliography of Biographies of Entomologists, 
Amer. Midl. Nat. 33(1):1-116, 1945. 
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In line 3 under Brolemann read 38 for 33. 
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Horn & Schenkling, Index Litt. Ent., p. 157, as Herman Carl Conrad. 
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Under Cuthbertson, line 2, read Munro, H. K. for A. K. 
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Under Darwin, Charles Robert read 1809 for 1808. 

Under Deville, 3rd line, insert B., after Donisthorpe, H., and in line 4 read 
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Under Dietze read 1935 for 1925. 
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Under Duges read 1826 for 1827. 
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Under Evans, William read 1851 for 1850. 

Under Fantham read 1876 for 1877. 

Under Fass! read Anton Heinrich for A. H. 

Under Fischer read Leopold Heinrich for Heinrich Leopold and add 1817 for 
date of birth. 

Under Fischer von Waldheim read (1771-1853) for (1771-1854). 

Under Flint read Pillsbury for Pillsbry. 

Under Francois, Philippe add (1859-1908). 

Under Fraunfeld read Frauenfeld 

Under Fruehstorfer read Fruhstorfer. 

Under Fuente read José Marie de la. 
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Under Gibson read Lester Ernest. 

Under Giglio-Tos, line 2, read 58 for 68. 

Under Gillette, line 2, read 120 for 119. 

Under Girard, line 1, read Ent. Mo. Mag. 23: 113, 1886. 
Under Glenn, read (1867-1937) for (1867-1938). 

Under Gotschmann read 1852 for 1850. 

Under Gredler read Vincenz for Vinzenz. 

To Grenier add Auguste Jean Francois. 

Under Haase read 1865 for 1867. 

Under Herz add (1853-1905), also Alfred before Otto. 
Under Hetschko read Wien. Ent. Zeit. 50 for 33. 

Under Heyden, Lucas read Dominicus for Diminicus. 

For Hofman, Ottmar read Hofmann. 

Under Honrath read (1837-1893) for 1894. 

Under Horn, Walther, line 3, read 201-222, for 202. 
Under Hutton, omit second Hutton, read 1905 for 1903. 
Under Jacoby, line 4, insert 32-35 after 16. 

Under Jakovlev, Alexandre, read Ixxvi for Ixxii. 

Under Killias insert 8 before 373-375. 

Under Kirkaldy, line 4, should read 12 before 111-113. 
Under Koch after Ludwig insert Carl Christian. 

Under Kopec read 655 for 635. 

Under Krulikovski read 24 for 26. 

Under Kuwert read 1828 for 1829. 

Under Lamb insert (1861-1941). 

Read Lartigue for Lartigne. 

After Le Peletier insert de St. Fargeau. 

Under Leussler read Richard A. for R. A. 

Under Lovett, line 3, insert B. 501-504 after 421-422. 
Under Lutz, Adolfo read Neiva for Veiva. 

Under Lynch-Arribalzaga insert 1854 for date of birth. 
Under Martynov read 1879 for 1870. 

Under Maskell, line 3, add p. 165. 

Under Meinert read (1833-1912) for (1833-1903) 

Under Meyrick, line 5, read Rev. for Riv. 

Under Michelet read 1798 for 1789. 

Under Mikan read 1844 for 1814. 

Under Milliére, line 2, insert Ann. Soc. Ent. France before (6) 7. 
Under Mulsant, line 7, insert B. before L’ Abeille. 

Under Munster insert George after Thomas. 

Under Neiva, line 2, insert B. before P. 

Under Nickerl read Ottokar for Otokar. 

Under Niepelt read 1862 for 1863. 

Under Nowicki, line 1, read 272 for 270. 

Under Oken insert Ludwig before Lorenz; line 4, insert Forschungen u. Fort- 
schritte after P. 

Oskar, John should be under John, Oskar. 

After Pagenstecher insert Arnold. 

Under Peckham read George Williams for George William. 
Read Peringuey for Périnquey; insert 1855 as date of birth. 
Under Philippi read Federico for Federigo. 

Under Pickard-Cambridge read (1860-1905) for (1861-1905). 
Under Pictet read 1879 for date of death. 

Under Porter add 1868 for date of birth. 

Under Prout add 1864 as date of birth. 

Under Puengeler read 1857 for 1858. 

Under Rivers insert John after James. 

Under Robin insert Phillipe after Charles. 

Under Riibsaamen add 1857 as birth date. 

Under Russell, F. W., line 2, add 25 after 23:. 
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Under Saint Cyr read 1826 for 1825. 

Under Schreiter add 1877 as birth date. 

Under Schrenk add Peter before Leopold. 

Under Schwarz, Otto add Card Ernst. 

Under Seidlitz add Karl Maria after Georg. 

Under Seitz read 1860 for 1869. 

Under Sharp, David, line 7, read cxxi for Ixxi. 

Under Shaw, line 3, read 1932 for 1931. 

Under Shuckard insert William Edward. 

Under Siewers read 1815 for 1814. 

Under Smith read John Bernhardt for John Bernhard. 

Under Scderman insert Aleksander before Henrik. 

Under Solier, line 1, insert P. before Opus. Ent. 

Under Stein, Paul, insert B. before Deutsche and read 236-241 for 236-237. 
Under Szepligeti, line 1, insert Ent. News before 33. 

Read Thieme for Thiene. 

Under Trembley read 1710 for date of birth. 

Under Tutt insert P. before Ent. Record. 

Under Uzel read 1946 as date of death. 

Under Vimmer read 1941 as date of death. 

Under Waga, line 2, read Dict. for Diet. 

Under Walton, Lee Barker insert P. after H. Osborn. 

Under Wattenwyl, insert P. before Ent. Record and read 1-2 for 5.6. 
Under Webster, line 1, insert 96 after 27. 

Under Welles add Salter after Charles. 

Under Whitehouse insert Harold before Beckwith; read 1883 for 1833. 
Under Wilkinson read 1816 for 1805. 

Under Williston, line 3, read (4) 47 for (4) 7. 

Under Wrangell read 1796 as date of birth. 
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An Ecological Study of a Minnesota Pond* 


Clarence F. Dineen 


University of Notre Dame, Notre Dame, Indiana 


This paper presents the results of an ecological study of a pond over a 
period of nearly two years. Seasonal fluctuations in populations, food web 
dynamics, and community development are given special emphasis. Qualita- 
tive and quantitative aspects are considered. 

In general quantitative data are scattered and fragmentary with respect 
to natural ponds. The physical conditions of a pond usually fluctuate so 
rapidly and to such great extremes that random observations and short-period 
studies are quite meaningless in the evaluation of pond dynamics. Likewise, 
diverse chemical conditions of small bodies of water lessen the significance of 
a single chemical analysis. While many workers have studied the biota of 
ponds, only a few have made ecological studies. Allee (1911) and Peterson 
(1926) studied seasonal succession of the biota of ponds. Shelford (1911) 
investigated pond biota in relation to the age of the ponds. Plankton com- 
munities were studied by Eddy (1934). Mozley (1932) made a biological 
study of a temporary pond in Canada. Recently, Kenk (1949) worked on 
temporary and permanent ponds in southern Michigan and included a report 
on the general physico-chemical and biological conditions of temporary ponds. 

For many years Europeans reared fishes in ponds for food and recently 
commercial minnow rearing has become an important industry in some sections 
of America. Although management of artificial ponds has resulted in exten- 
sive research, the data in many respects are not directly applicable to natural 
ponds. 

The pond in the present study is located in a pastured, oak-grove area of 
Ramsey County, one mile east and 2.5 miles north of the University of Min- 
nesota Agricultural College and Farm in St. Paul. The field work extended 
from July 1948 to May 1950. Quantitative collections were made weekly 
except during the winter when monthly collections were considered sufficient. 
However, whenever pond conditions were changing rapidly, the pond was 
studied daily. 

TopoGRAPHy AND MorPHoLocy 


The pond is located in a belt of low hills which is part of a Pleistocene 
glacial moraine. The topography of the original sandy basin of the pond was 
determined by a series of borings along two transect lines (fig. 1). A large 
part of this basin was filled by deposition and a small portion (east end) was 
eliminated by a highway. A natural drainage outlet on the northwestern 
corner perhaps limited the depth of the original pond in recent time to about 
seven meters. Some forty years prior to this study, a ditch dug in the out- 
let, lowered the possible maximum water level nearly two meters but never 

* A portion of a thesis submitted to the University of Minnesota in partial fulfill- 
ment of the requirements for the degree of Doctor of Philosophy. The author is indebted 
to Professor Samuel Eddy for direction and encouragement during this study. Aid of the 
staff of the Minnesota Conservation Department is also acknowledged. 
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completely drained the pond. At present, surface water from approximately 
20 acres of oak-grove pasture and cultivated land drains into the pond. 

The depth of the pond during this study varied from .56 M to 1.2 M. 
The basin slopes very gradually (fig. 1). A maximum area was recorded 
in April 1949 as 29,799 sq. M (7.33 acres) and a minimum of 7,457 sq. M 


pond woter 


‘0.8 


sand: 
Fig. 1—A. Surface aspect of the pond. Solid line—high water level; Broken line— 
low water level; Dotted line—inside margin of emergent vegetation. B, C. Transect pro- 


files of the pond. Maximum depth of bottom deposits expressed in meters. Maximum 
water depth 120 cm. 
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(1.84 acres) was reached in October 1948. Throughout most of the summer 
the area was about 19,000 sq. M (4.7 acres). The length of the shore line 
during the period of highest water level was 735 M and only 330 M at the 
time of the lowest level. 

Bottom Deposits 


The depth of the bottom deposits varied from 0.8 M in the outer margin 
of the emergent plant area to 4 M in the deeper sections (fig. 1). In general 
the deposits were similar to those in the littoral area of some nearby eutrophic 
lakes, i.e., a mixture of deposits of allochthonous origin, derived from the land 
communities, with autochthonous materials—products of the aquatic commun- 
ity dynamics. The Davis borer collections from the lower levels were not 
analyzed in detail. However, the upper portion (.5 M) of the deposition was 
examined carefully. These were comparatively uniform throughout the pond; 
consisting mainly of coarse fibrous fragments of aquatic plants. A No. 40 
standard sieve retained approximately 40 per cent of each Ekman dredge col- 
lection from shallow water and 30 per cent from the deeper parts of the pond. 
A part of the plant materials was reduced to sapropel, a black organc sediment 
which is formed by the action of heterotrophic bacteria under anaerobic condi- 
tions. According to Lauterborn (1901) it is often formed in shallow ponds 
that are rich in rooted aquatic vegetation and duckweed. The present author 
noted stagnant conditions which resulted in anaerobiosis during the winter and 
also in summer beneath the mats of algae and duckweed. 

The organic ooze of the upper few centimeters of bottom deposits con- 
tained coprogenous material. Deposition was most noticeable during the 
summer of 1948 when chironomid larvae and small oligochaetes were abun- 
dant. Also, the exoskeletons of small crustaceans and the cell walls of 
diatoms were common. Fine sand particles were present in very limited 
amounts in most of the collections. 


PHYSICAL FACTORS 


Water level, temperature, wave action, color, and transparency of the pond 
were recorded whenever collections and/or observations were made. The 
climatic data were supplemented with weather bureau records for Wold- 
— Airport at Minneapolis, Minnesota (less than 10 miles from the 
pond). 

Water level_—The atmospheric temperature during this study, as recorded 
by the weather bureau, did not vary greatly from the normal, but the total 
precipitation in 1948 was 10.75 inches below normal. This was a deficiency 
of over one third of the normal precipitation. The deficiency in 1949 was 
2.52 inches. Also, the snow cover on the pond was much less in the winter 
of 1948-49 than in the following winter. Only 5 cm of snow covered the 
ice during the coldest days in January 1949. 

A permanent water gauge was used to determine the maximum and mini- 
mum water level for each month (table 1). The deficiency in rainfall 
resulted in a low water level of 56 cm in October and December 1948. Many 
other shallow ponds in the area were dry during the fall of this year. The 
total depth (water and ice) of the pond was 60 cm in January and February 
of 1949 and 1950; the water was frozen to the bottom in 1949 whereas only 
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44 cm of ice was formed in 1950. The difference was due to the absence 
of heavy snow during the first winter and low temperatures in January 1949. 
Consequently, the dynamics of the pond community were greatly altered by 
the winter conditions. Following the spring thaws in 1949 and 1950, the 
water level was limited to 110 cm by the drainage ditch; and for a short period 
in August 1949 the relatively abundant vegetation in this ditch maintained a 
level of 120 cm in the pond. 


TaBLe 1.—Monthly maximum and minimum water levels (cm) 


1948 1949 1950 
Max. Min. Max. Min. Max. Min. 
60 (60)* 60 (60) 60 (30)* 60 (30) 
60 (60) 60 (60) 60 (44)  60(44) 
60 (60) 60 (60) 110 (47) 110 (47) 
110 110 110 110 
110 95 
85 
95 
115 
106 
102 
90 
56(20)* 56 (20) 70 (10) 70 (10) 


* Numbers in parentheses indicate the depths to which the pond was frozen. 


Temperature—The surface temperature of the pond water ranged from 
0° C to 29° C. The summer daily temperature fluctuated rapidly with 
changes in air temperature. The variation in temperature from the surface 
to the bottom of the pond was usually less than 1.5 ° C. However, when 
the air temperature increased rapidly and the pond remained calm for several 
days, greater thermal stratification was evident. On July 10, 1948 the follow- 
ing temperatures (°C) were recorded: air—29, surface water—28.5, 10 cm 
depth—26, 30 cm depth—24, 50 cm depth—24. 

In winter, thermal stratification in the bottom deposits was indicated by 
the following temperatures in January 1949: 1°C—5Scm, 4+-°C—40 cm, 
6°C—60 cm, 8-+-°C—-80 cm. 

There was always a considerable lag in the temperature changes in the 
bottom sediments as compared to the temperature fluctuations in the water. 
The lag was very pronounced in the fall and spring (table 2). 

Although most pond organisms have a wide tolerance to changes in tem- 
perature, the size of the populations, the habits, and development of many 
organisms were correlated with changes in temperature. Ward (1940) con- 
cluded that species and population density of entomostracans in a series of 
ponds in Ohio were related to seasonal temperatures. 

Wave action—The pond was partly sheltered by trees and low hills which 
usually limited wave action to ripples sufficient to prevent the duckweed from 
dispersing over the central two thirds of the pond. In summer, particularly 
when aquatic plants were at maximum growth, the pond sometimes remained 
calm for several days. On a few occasions the wind produced waves which 
reached a maximum of 15 centimeters. 


Jan 
Feb. 
Mar. 
Apr 
May 
Jun. 
Jul. 
Aug. 
Sep. 4 
Oct. 
Nov. 
Dec. 
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TABLE 2.—Temperature changes (°C) 


Bottom Deposits Water Bottom Deposits Water 
____(15 cm deep) (15 cm deep) (15 cm deep) (15 cm deep) 


Sep. 11, 1948 24 24 Apr 9, 1949 2 F J 
Sep. 18 22 23 Apr 13 2+ 11.5 
Sep. 25 16 16 May 7 10 16 
Oct. 2 16 14 May 14 10 17 
Oct. 12 13 11 May 26 14 19 
Oct. 23 9 1] May 30 20 25 
Nov. 13 5 0 Jun. 4 20 21 
Dec. 18 1+ o— Jun. 20 24 28+ 


Color and transparency.—Due to the organic nature of the bottom depos- 
its, the water appeared brownish during most of the year. The heavy algal 
blooms in summer produced an apparent bluish-green color and during the 
winter anaerobic period the water appeared bluish-black. 

In the open-water area, light usually penetrated to the bottom. Species of 
Spirogyra, Oscillatoria, and Oedogonium grew near the bottom at all depths 
and Potamogeton berchtoldi flourished in the deeper area. However, floating 
mats of Lemnaceae and Hydrodictyon often prevented light from penetrating 
the water. These mats were extensive in the shallow area during the summer 
and fall and plants and animals were very scant beneath them. Likewise, 
thick ice and snow in the winter reduced light penetration. 


CHEMICAL FAcTors 


Chemical analyses were limited largely to routine determinations of dis- 
solved oxygen, pH, free carbon dioxide, monocarbonates, and bicarbonates. 
Total dissolved solids were determined for the spring, summer, and fall of 
1949. With the aid of the members of the Minnesota Conservation Depart- 
ment, fairly complete chemical analyses were made for August and September 
of 1948. Also, daily fluctuations and variations within the pond were meas- 
ured on several occasions. 

All water samples for routine chemical analyses (table 3) were taken at 
10 A. M. at a permanent centrally located station. The methods were in 
accordance with the 9th edition (1946) of Standard Methods for Examina- 
tion of Water and Sewage. 


TABLE 3.—Routine chemical analyses 


Water Dissolved Free Mono- Bi- 
Temp. Oxygen Per cent CO, carb. 
7c ppm Sat. ppm 


Jul. 1948 
10 11.0 134 
17 9.1 111 
24 8.2 100 
31 6.6 80 
Aug 
7 5.6 66 
13 10.0 129 
21 5.0 63 
28 32 
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TABLE 3.—(continued ) 


Water Dissolved Free 
Temp. Oxygen Per cent CO, 
ppm Sat. ppm 


141 
188 
103 
130 


78 
111 


109 
75 


53 


Jan. 1950 


354 
Mono- Bi- 
carb. carb. pH 
Sep. 

Z 24 12.0 4 0 60 8.0 
11 24 16.0 0 15 > pe 8.2 
18 23 9.0 i 0 5 50 8.2 
25 16 13.0 0 10 45.5 8.3 

Oct. 

2 14 8.0 | | 0 10 50 8.3 
12 ll 12.1 0 15 35 8.3 
23 10 12.4 | 0 12.5 35 8.4 
30 8 9.0 0 5 45 8.4 
Nov. 

13 5 6.8 | 0 8 52.2 6.0 
Dec. 

17 l 8 56 0 10 67.5 8.0 
Apr 1949 

9 7 3.5 28 10 0 36 6.6 
23 10 10.0 88 0 7 27 8.0 
30 15 7.0 70 0.5 0 36.5 6.8 

May 

7 16 pa 4 27 18 0 46 6.8 
14 17 7.1 73 2 0 49 7.0 
26 19 10.0 111 0. 2 45 7.7 
30 25 9.4 112 0 2.5 44 8.2 
Jun. 

4 21 6.2 68 4 0 50 7.2 
20 27 15.0 182 0 22 54 8.8 
25 27 10.0 120 0 95 55 9.4 
Jul. 

1 27 12.0 146 0 23 54 9.0 

9 26 8.0 98 0 12 51 9.1 
16 26 8.3 101 0 6 61 9.2 ’ 
23 25 11.2 133 0 15.5 50 9.4 
30 22 0.6 7 28 0 58 6.8 
Aug. 

3 23 6.6 75 10 0 59 7.0 

6 25 4.4 32 9 0 60 7.0 
13 25 1.3 15 5 0 63.5 6.7 
20 22 5.3 54 trace 0 65.7 6.8 
Sep. 

3 20 6.6 72 0.5 0 65 7.3 
15 18 9.6 101 trace 0 64 8.0 
24 15 73 72 trace 0 67 7.8 

Oct. 

8 13 8.0 75 0 a 60 8.6 
28 10 12.0 106 0 10 58 8.2 
Nov. 

18 8 10 84 0 10 63 8.2 
Dec. 

2 1 8 56 0 8 60 8.2 
28 0 0 _ 90 0 275 6.4 | 
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Oxygen.—Dissolved oxygen in the pond water fluctuated rapidly and to 
extremes. The range was from zero to 16.0 ppm (188 per cent saturation) 
according to the unmodified Winkler technique. 

The oxygen supply was correlated with growth and decomposition of 
chlorophyll-bearing plants; namely, Hydrodictyon reticulatum, Aphanizomenon 
flos-aquae, Spirogyra spp., and Potamogeton berchtoldi (= P. pusillus Fas- 
sett). During periods of heavy growth of green plants, the amount of dis- 
solved oxygen commonly varied from 1 or 2 ppm at sunrise to 10 to 15 ppm 
(supersaturation) in midafternoon. When large algal blooms “died off” in 
mass, the changes in supply of dissolved oxygen, the free carbon dioxide con- 
tent, and pH were significant. When a mass of Hydrodictyon began to 
decompose on July 23, 1949, the oxygen content was 11.2 ppm (133% sat.). 
On the morning of July 30, the oxygen supply was 0.6 ppm (7% sat.) in 
most of the pond. Afternoon determinations of oxygen were equally low. The 
bulk of decomposition was completed by August 3rd, and the oxygen content 
in the center of the pond was 6.6 ppm (75% sat.), however, adjacent to 
remaining decomposing mats, which were blown against the marginal vegeta- 
tion, the oxygen measured only 3.6 ppm (40% sat.). Similar changes have 
been reported by Mackenthun and co-workers (1945), Moore (1942), and 
Barney and Anson (1920). Oosting (1933) also reported tremendous vari- 
ation in dissolved oxygen in the northwest area of Ham Lake, Minnesota. 
The chemical and physical conditions of the littoral area described by Oosting 
were comparable to pond conditions in many respects. 

Wave action on extremely windy days was a major factor in producing a 
high oxygen content—10 ppm, 129% sat. on August 13, 1948 and 10 ppm, 
88% sat. on April 23, 1949 exemplify conditions caused by wind disturbances. 

Free carbon dioxide and total alkalinity—The free carbon dioxide content 
of the water varied greatly (table 3). In summer very little free carbon diox- 
ide was present during daylight except when algal blooms were decomposing. 
On July 30, 1949, when large mats of dead algae covered much of the pond, 
the free CO. content was 28 ppm. Also, during the winter when the snow 
and ice excluded most of the light, the CO, content increased greatly 
(table 3). 

Hydrogen ion concentration—The pH of the water, as indicated by the 
routine, morning analyses, ranged from 6.2 to 9.4 (table 3). However, the 
pH often varied from one section of the pond to another and diurnal fluctua- 
tions were common (i.e., Sept. 24, 1949—pH 7.5 at 6 a.m. and 8.5 at 3 p.m.). 
The great fluctuation of pH during the day and night and the differences 
within the same body of water at any set time, were studied in detail by 
Cowles and Schwitalla (1923) and Philip (1927). Philip concluded that 
the prevalent practice of making one determination for a particular day or 
period in the year was not an accurate index of the true hydrogen ion activity 
in an aquatic community. The pH of the pond in the present study was 
not considered a valuable index of pond conditions. 

Additional chemical analyses—In the summer of 1948 members of the 
Minnesota Conservation Department aided the author in making two general 
chemical analyses (table 4). 

Moyle (1946) reported a range of 0.1 to 2.0 ppm for summer nitrogen 
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TaBLE 4.—Chemical analyses 


Jul. 21, 1948 Aug 25, 1948 

ppm ppm 
Sulphate ion 0.3 0.0 
Soluble phosphorus 0.3168 0.48 
Organic phosphorus 0.0782 0.24 
Total phosphorus 0.396 0.72 
Chloride ion 9.8 8.28 
Ammonia nitrogen 0.099 0.3 
Nitrite nitrogen 0.0 0.02 
Nitrate nitrogen 0.108 0.25 
Organic nitrogen 0.0398 0.6 
Total nitrogen 0.2468 hE? 
Total alkalinity 60.0 53.75 


in the natural surface waters of Minnesota, and sixty-five fish ponds had an 
average of 1.002 ppm. The summer phosphorus content in the present pond 
was high when compared to average figures of 0.005 to 0.2 ppm for ponds 
and lakes in Minnesota (Moyle, 1946). The high phesphorus concentration 
was associated with heavy algal blooms. 

The decantation method was used to determine total dissolved solids. The 
organic was considerably greater than the inorganic content (table 5). 


TaABL E 5 —Toral dissolved solids 


Date Total Dry Dissolved eae Ash 
Residue mg/ FL, Matter mg/L mg/L 
Apr 1949 200. 2 108.2 92.0 
Jun. 1949 386.6 201.3 185.3 
Aue. 1949 502.4 311.6 190.8 


THE Ponp As AN AQuaTic COMMUNITY 


Larger aquatic plants. —Abundant growth of emergent plant rage a 
peripheral girdle varying in width from two meters to 30 meters (fig. 2). 
most abundant species were: Sagittaria latifolia Willd., Typha latifolia Bre 
Acorus calamus Linn., Eleocharis palustris (Linn.), Glyceria grandis Wats., 
Leersia oryzoides (Linn.), and Phalaris arundinacea Linn. 

There were no rooted floating-leaf hydrophytes; Potamogeton berchtoldi 
was the only species of rooted submerged pondweed. 

The standing crop of the rooted aquatic vegetation in the water was 
measured in August 1948, when the water margin of the pond was just in- 
side the major mass of peripheral, emergent plants (fig. 1). It was measured 
for this same area again in August 1949 which was the period of maximum 
growth. A white metal quadrat (sq. M) was used to collect representative 
samples. In the laboratory each species was dried in an oven at 60° C for 
72 hours and then weighed. A representative sample of each species was 
ashed at 600° C for three hours. The average ash content of rooted aquatic 
plants was 3 per cent of the dry weight. The total weights are given in 
table 12. 


Duckweed and certain species of filamentous algae—Three species of 
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Lemnaceae grew in the pond. Spirodela polyrhiza (Linn.), the greater duck- 
weed, was predominant, representing approximately 90 per cent of all the 
duckweed in the pond. The remaining portion was largely the lesser duck- 
weed, Lemna minor Linn. A few star duckweed plants, Lemna trisulca Linn. 
inhabited the water under the cover formed by Hydrodictyon and the other 
two species of duckweed. Duckweed was common in the shallow, quiet water 
from early July until late October. The distribution in the pond was limited 
by wind action and the emergent plants. These smali plants were often blown 
several layers deep among the emergent plants and died after a short time due 
to insufficient light. In summer the blanket of duckweed extended from the 
emergent plants inward for a distance of one to 10 meters depending upon 
various physical conditions and the rate of vegetative reproduction Flower- 
ing and seed formation were not observed. Turion formation (modified non- 
buoyant, dormant stage) was noted from July until October. 

Hydrodictyon reticulatum (Linn.) Spirogyra spp. and to a much lesser 
extent Oedogonium spp. and Oscillatoria spp. constituted an important group 
of producers in the pond. These filamentous algae were not considered true 
plankters because they were associated with the bottom, rooted aquatic plants, 
and in the case of H. reticulatum with the surface water. H. reticulatum was 
very abundant during the summer. It occurred at all water levels but as the 
nets grew larger they accumulated near the surface, forming a dense mat. In 
the summer of 1948 the vegetative mass never decomposed rapidly. However, 
in late July 1949 a prodigious quantity was produced which formed a heavy 
mat over approximately one third of the pond (fig. 2). The bulk of this 
tremendous growth “died off” during the last week of July, producing signifi- 
cant biotic and chemical changes. 

The growth of Spirogyra was abundant in late summer and fall. It was 
common only in the shallow water and was closely associated with the bottom 
of the pond. Quantitative measurements were not possible because the masses 
of Spirogyra could not be separated from the bottom materials. Also, some 
of the living filaments could not be distinguished from non-living filaments as 


Fig. 2.—Summer aspect of the pond. Note mat of duckweed and algae 
in the foreground. July 16, 1949. 
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all degrees of decomposition existed. The lower parts of these masses con- 
tained only dead filaments and debris while the upper parts continued to 
grow and reproduce rapidly. 

The ash-free dry weight of the surface mat of Hydrodictyon and species 
of Lemnaceae during the first week of August 1948 and the last week of July 
1949 are given in table 12. 

Plankton.—The major groups of plankters were algae, copepods, cladocer- 
ans, and rotifers. A few ostracods were collected. Also, there were numerous 
bacteria living in the open water as true plankters; a study of these is not 
included. 

Methods.—Four quantitative net-plankton collections were made weekly 
except when ice was on the pond (total—188 collections). A No. 25 bolt- 
ing silk net was used to concentrate the organisms from 100 liters of water 
for each collection. Two permanent collecting stations were used and care 
was taken to include water from all levels and to avoid contamination. A 
rubber, one-man boat was used to reach the open-water area and to avoid dis- 
turbance. In order to insure representative sampling, additional collections 
were taken when floating mats of vegetation were extensive and also when the 
pond was disturbed (winds and rain). The organisms were counted with the 
aid of a compound microscope, Sedgewick-Rafter cell and a Whipple square. 
The ash-free dry weight of the net-seston (total suspended matter collected 

unit volume) was determined for each month by grouping representative 
weekly collections, drying them in an oven at 60° C, weighing, ashing for 3 
hours at 600° C, and reweighing (table 6). 

Water samples (4 liters each) were collected for nannoplankton studies 
(total—47 collections). The plankters were separated from the water by 
decanting. Counts and seston weights were determined (table 6). These 
sestons weights were correspondingly greater than the net-seston weights be- 
cause many of the small plankters, particularly the unicellular algae, Protozoa, 
and the fine detritus suspended in the pond water were not retained by the 
standard net. 


TABLE 6.—Seston, ash-free, weights (m@/L) 


“1948 1949 
Net Water Sample Net Water Sample 

Seston Seston Seston Seston 
May — — 1.226 2.258 
Jun. —_ — 2.665 7.830 
Jul. 3.442 5.432 3.121 5.875 
Aug. 2.966 4.793 2.727 5.606 
Sep. 2.565 4.304 3.156 6.093 
Oct. 1.004 2.601 2.531 5.406 
Nov. 953 2.113 1.213 3.114 
Dec. 1.211 3.121 1.651 3.060 


Jan. 1950 1. 3.364 


Seasonal populations —The seasonal populations of plankters varied great- 
ly with respect to numbers of species and individuals. Sometimes the fluctua- 
tions were rapid and extremely great. The plankton formed a very important 
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portion of the complete food web. Species of Myxophyceae, Bacillarieae, 
Chlorophyceae, and chlorophyll-bearing flagellates were classified as producers 
while the Copepoda, Cladocera, and Rotatoria were primary consumers. 


TaBLE 7.—Average monthly collections of plankton (no. per liter) * 


Jul. 1948 2,796 35 380 68 513 393 3,156 
Aug. 730 1 591 722 343 4,177 3,310 
Sep. 8,608 125 129 771 42 363 167 
Oct. 197 744 290 225 73 6l 30 
Nov. 340 2,104 1,246 153 38 77 23 
Dec. 692 3,574 3,202 21 49 129 3 
Apr 1949 261 173 13 4 601 5 52 
May 4,067 8 161 62 Zt7 108 24 
Jun. 1,749,216 0 84 165 832 1,284 1,108 
Jul. 6,462 1,102 65 28 573 972 2,364 
Aug. 3,334 150 3 342 638 1,761 16,847 
Sep. 50,729 2,478 112 563 127 183 252 
Oct. 208 ,433 2,802 98 14 46 170 158 
Nov. 10,451 2,124 81 13 29 716 126 
Dec. 4,552 3,972 110 8 25 966 185 


Jan. 1950 1,328 16,321 913 0 0 270 40 


* In the following genera, colonies or trichomes were counted instead of cells: 
Myxophyceae—trichomes, Aphanizomenon, and Gloeotrichia colonies, Aphanocapsa and 
Microcystis. Chlorophyceae—colonies, Nephrocytium, Pediastrum and Tetraspora. 


Blue-green algae were predominant (table 7). In June, September and 
October of 1949 tremendous “blooms” of Aphanizomenon flos-aquae wete 
produced (maximum of over 1.5 million trichomes per liter in June). Species 
of Microcystis, Anabaena, and Oscillatoria were common. Merismopedia, 
Aphanocapsa, and Gloeotrichia were collected infrequently. 

With the exception of Fragilaria, a few species of Navicula, and an occa- 
sional Surirella, the diatom population was very meager. This population 
increased greatly during the colder months (table 7). Temperature and free 
catbon dioxide may have been controlling factors. 


Hydrodictyon reticulatum, Spirogyra spp. and Oedogonium spp. were not 
included in the plankton counts of Chlorophyceae. The role of these algae 
in the pond community is discussed on p. 356. Seventeen other genera of 
green algae were collected, but no one genus was collected in great abundance. 
Cosmarium, Pediastrum, Scenedesmus, and Staurastrum were found in most 
of the collections throughout the year. Chaetophora, Closterium, Coelastrum, 
Desmidium, Euastrum, Kirchneriella, Micrasterias, Nephrocytium, Pleuro- 
taenium, Selenastrum, Spondylosium, Tetraspora, and Xanthidium were found 
occasionally. The total population of planktonic green algae was much greater 
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in 1948 than in 1949 (table 7). The “blooms” of Aphanizomenon in 1949 
may have been detrimental to the growth of many green algae. 

The green flagellates (Phytomonadina) were abundant during the summer 
and fall. The largest populations of Volvox appeared in July 1948 (2079 
per L) and in August 1949 (5362 per L). Pleodorina illinoisensis reached 
a population density of 3090 per L in August 1948 whereas Eudorina elegans 
numbered less than 50 per L. In August 1949 the ratio of the latter two 
species was reversed. E. elegans reached a population peak of 3463 per L 
and P. illinoisensis was sparse (10 per L). Likewise, the ratio of Volvox 
species varied considerably from one year to the next. Synura uvella and 
Pandorina morum was collected in small numbers during the summer of 1948. 
Phacus longicaudus, P. pleuronectes and Trachelmonas were minor constitu- 
ents of the plankton. The common lake plankter, Ceratium hirundinella, 
was present in most of the 1949 collections with a population peak of 7860 
per L in August. Large clusters of Vorticella were commonly attached to 
the antennae and body of copepods and cladocerans, suggesting a biotic 
control. 

Most of the 29 species of rotifers collected in the pond were seasonal. 
The maximum population. was reached in August (4177 per L and 1762 per 
L in 1948 and 1949, respectively). Keratella cochlearis and K. quadrata were 
predominant winter species, however, the maximum population of each species 
occurred during the summer months. The six species of Brachionus (angu- 
laris, calcyciflorus, capsuliflorus, furculatus, havanaensis, and urceus) were 
summer inhabitants of the plankton. Asplanchna brightwelli (maximum 238 
per L) was restricted to the month of August. The colonial rotifer, Cono- 
chiloides was very abundant in August 1948 (1249 per L) but it occurred 
rarely in the other collections. Euchlaris dilatata, Platyias patulus, Filinia 
longiseta, and Conochilus were other common rotifers. Colurella sp., Diurella 
brachyura, D. tigris, Lecane luna, L. ohioensis, Monostyla quadridentata, 
Mytillina spinigera, Pedalia mira, Platyias quadricornis, Polyarthra trigla, 
Rotaria neptunia, Synthaeta sp., Testudinella sp., Trichocerca cylindricus, and 
Trichocerca gracilis were collected in small numbers. 

Bosmina longirostris was the predominant cladoceran throughout the year 
—teaching a maximum population in late summer (763 per L). Chydorus 
sphaericus was colletced consistently but never in great numbers (maximum 
19 per L). Seven other species (Alona costata, Ceriodaphnia quadrangula, 
Daphnia longispina, D. pulex, Diaphanosoma brachyurum, Macrothrix rosea 
and Scapholebris mucronata) were largely summer residents in the plankton. 
Macrothrix rosea was associated with pondweed. 

Three species of copepods, Diaptomus eiseni, Cyclops bicuspidatus tho- 
masi, and Canthocamptus staphylinoides, were common plankters. D. eiseni 
reached a population peak of 82 per L in August 1949. This species is com- 
monly found in ponds in central Minnesota but the author also has found 
numerous specimens in plankton from lakes in Canada. C. bicuspidatus 
showed two definite seasonal population maxima. The first of these appeared 
in April (190 per L) and a second was reached in July and August (201 per 
L). Frequent collections indicated that population peaks of nauplii preceded 
those of the adults by about 10 days. C. bicuspidatus thomasi was taken in 
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all plankton collections except in January 1949 when the water was only 20 
cm deep. Encysted individuals were found in bottom deposits, however, this 
“resting stage” did not always appear to be a part of the life history. In July 
the complete population apparently excysted. However, many cysts were 
collected during the early summer months when the water was saturated with 
oxygen and the temperature was above 20° C. Birge and Juday (1908) 
reported that summer populations in some lakes remained active with no 
encystment. Environmental factors which may induce encystment and excyst- 
ment were obscure. The life cycle of this same organism was different in 
Crystal Lake, Minnesota as reported by Cole (1953). The vast majority of 
cysts were collected in the upper few centimeters of the flocculent ooze. The 
planktonic population of Canthocamptus staphylinoides in the pond was mono- 
cyclic. A population of.17 per L was collected in April with a standard 
net. The entire population reproduced and disappeared from the plankton 
within a month. The young matured, encysted and remained inactive until 
winter when some of them excysted and became active in the bottom ooze. 
By April, the entire population had excysted, matured and attained more or 
less planktonic habits. The cysts of C. staphylinoides were difficult to find 
because of a heavy coat of detritus which adhered firmly to the outer wall. 
Cysts were found as deep as 20 cm in the bottom deposits, however, core 
samples indicated that the majority of these remained in the upper 2 or 3 cm 
of ooze. The outer wall of the cysts was only about two thirds as thick as 
the cyst wall illustrated by Lauterborn and Wolf (1909) for C. micro- 
staphytinus. 

Fishes.—Fishes were the top predators in the pond until eliminated by 
severe winter conditions in the early months of 1949. During the summer 
and fall of 1948, quantitative collections could not be made because the soft, 
organic bottom and masses of pondweed and filamentous algae made seining 
ineffective. Qualitative collections were made in order to determine the 
species of fishes and to analyze stomach contents. The small green sunfish 
(Lepomis cyanellus Raf.) was the most common fish in the pond. The fat- 
head minnow (Pimephales promelas (Raf.)) ranked second. A few brook 
sticklebacks, Eucalia inconstans (Kirtland) also were collected. 

Small leeches and various immature insects were eaten in large numbers 
by the green sunfish. Glossiphonia stagnalis was a major food item of this 
centrarchid. The digestive tracts of the fathead minnows contained both plant 
and animal materials; filamentous algae were consumed frequently in large 
amounts. The stickleback is considered carnivorous. 

Breeding habits of the fathead minnow were observed during the summer 
of 1948. In July a number of markers (flooring material 1-3 inches wide) 
were placed in a vertical position to indicate depths, collecting stations, etc. in 
the pond. Many egg masses of the fathead minnows were deposited on the 
markers during the last week of July and early August. Deposition of eggs 
on vertical objects is rather unusual for this minnow. Markus (1934) 
teported that this minnow normally deposits its eggs on the under side of 
objects that lie horizontal to or at an angle with the surface of the water. 
Rocks, timber, and concrete, which afforded sufficient space underneath the 
object for activity of the male, were common nesting sites. Doubtless the 
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lack of such nesting sites in the pond was responsible for deposition of eggs 
on the vertical markers. Egg masses of the fathead minnow contained from 
25 to 200 eggs and invariably arranged in a single layer. The average time 
from the appearance of eggs until hatching was nine days. The eggs were 
guarded by the male. 

During the winter of 1948-49 the pond froze to several centimeters of 
bottom ooze even in the deepest section of the pond. The low water level 
(60 cm), low temperatures, and an absence of snow were the major factors 


Fig. 3.—April 10, 1950. Floating mat of ice and frozen bottom materials. During 
the spring of 1949 practically the entire pond surface was in this condition for more than 
a week. 


producing a thick layer of ice. This frozen mass was a limiting factor for 
many organisms and a few, including the fishes, were eliminated, apparently 
by suffocation. Following the spring thaw several hundred fishes were col- 
lected and examined. An exact count of the total population of these (per- 
haps several thousand) was not possible. Sections of the pond did not thaw 
at the same time, thus the dead fishes were released at intervals for a period 
of approximately two weeks. The majority of the small fishes were entangled 
in masses of vegetation and buried in the ooze bottom. The floating masses 
of ice and bottom deposits (fig. 3) also prevented an exact count. 

A representative collection along the margin of the pond included the 
following: 202 green sunfish (Lepomis cyanellus), 100 fathead minnows 
(Pimephales promelas), 12 brook sticklebacks (Eucalia inconstans). 


TABLE 8.—Dead green sunfish recovered 


"Standard Length (cm) Toral 


We We. (8) 
2 12-14 116.3 
55 7-8 635.5 
145 4-5 246.5 
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The green sunfish were divided into three age groups according to stand- 
ard length (table 8). 

The scales of the large sunfish indicated an age of three years. The fat- 
head minnows averaged 6 cm (standard length). The total weight (wet) was 
240 y. The standard length of the 12 brook sticklebacks ranged from 4-6 
cm; total wet weight—10.8 g. 


Bottom fauna.—Because the entire pond was a littoral area less than 1.2 
M deep, it was possible to observe many of the bottom organisms in their 
natural habitats and adequate samples were collected without great difficulty. 
The bottom fauna was divided into four major groups on the basis of food 
habits, namely, browsers, swimming predators, plankton predators, and benthic 


predators (table 9). 


TaBLeE 9.—Check list of 


bottom fauna according to food habits 


SWIMMING PREDATORS PLANKTON PREDATORS BROWSERS 
Erpobdella punctata Plea striola Oligochaeta 
Macrobdella decora Chaoboridae Gastropoda 
Hydracarina Hyalella 
Belostomatidae BENTHIC PREDATORS Ephemeroptera 
Notonectus Glossiphonia complanata Corixidae 
Dytiscidae G. fusca Gyrinidae 

G. stagnalis Haliplidae 

Odonata Hydrophilidae 

Ceratopogonidae Trichoptera 
Chironomidae 


Methods.—Quantitative collections of benthic organisms were made at 
weekly intervals during the summer, and monthly during the winter (185 
collections). These collections were taken from two general areas of the 
pond and additional collections from other sections of the pond were taken 
frequently as a check to assure adequate sampling. The Birge-Ekman dredge 
(15 x 15 cm) was used to collect bottom organisms. The dredge collections 
were sifted in the water using a standard wire sieve (No. 40; openings, 420 
microns). In the laboratory the organisms were separated from debris by 
washing the samples in a white pan. The organisms were identified and 
counted (table 10). Collections of species for each month were dried in an 
oven at 60° C and weighed. Then the organisms were ashed for 3 hours at 
600° C and reweighed. 

Seasonal populations.—Eight species of leeches inhabited the pond. Glos- 
siphonia stagnalis, a benthic predator, was predominant. The population 
ranged from 144 specimens per sq. M in January 1949 to 4135 in October 
1949 (fig. 4). In January 1949 when the pond froze to the bottom, eliminat- 
ing the fishes and reducing some invertebrate populations, striking alterations 
in the dynamic balance of organisms resulted during the subsequent seasons. 
The population of the snail leech (Glossiphonia stagnalis) was influenced be- 
cause this organism was a major food item of the sunfish in 1948, particularly 
during the spring when many insects emerged. Due to the fact that eggs of 
the G. stagnalis are retained in mucoid sacs attached to the ventral surface of 
the parent where the young also remain attached for a considerable time after 
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Fig. 4.—Seasonal populations of Glossiphonia stagnalis (Linnaeus). 


TABLE 10.—Average monthly collections of bottom fauna (No. per sq M) 


Predators Browsers 
Swimming Plankton Benthic 


Jul. 1948 25 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 


Jan. 
Apr 
May 
Jun. 
Jul. 
Aug, 
Sep. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 


|| ee 50 (2) 
 F 
j 
1861 1624 
1020 1048 4 
760 4368 : 
888 2985 i 
1160 1592 
1949 162 133 733 1988 
38 38 261 439 
9 7 512 215 ' 
133 15 2338 668 q 
131 13 3055 408 3 
110 16 2440 56 : 
126 14 2731 332 4 
101 28 4163 1333 4 
78 122 3011 700 
34 367 2795 333 
1950 102 166 3100 1011 
55 163 2244 1200 
70 986 1615 1711 
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hatching, the population of this leech was controlled more effectively by the 
predation of fishes than in the case of other leeches that deposit their eggs 
free from the body. Obviously consumption of snail leeches carrying eggs 
or young, resulted in wholesale decimation of the population. Consequently, 
when the fishes were eliminated during the early winter months of 1949, an 
important biotic control of the predominant benthic predator (G. stagnalis) 
was removed. The tremendous biotic potential of the snail leech, when not 
counteracted by the environmental resistance of fish predation, resulted in an 
exceedingly large leech population (fig. 4). As a result, many of the food 
organisms of the snail leech were greatly reduced in number and some were 
eliminated during the summer and fall of 1949. 

The first eggs of G. stagnalis were observed in April and by May almost 
every individual carried eggs or young. The average number of young per 
parent leech was 12. A few individuals reproduced in June and July with 
an average of 16 per parent (range 10-20). Another reproductive pulse was 
noted in the early fall. During this period fewer individuals reproduced and 
the number of young per parent averaged only 8. 

In addition to the number of individuals, the weight of the various popu- 
lations indicated reproductive periods, growth and food conditions. The June 
1949 population consisted of many young leeches and the weight per indi- 
vidual averaged 0.43 milligrams (fig. 4). The average weight per individual 
in July showed an increase to 0.63 milligrams, indicating growth. It is also 
significant that the weight per individual during the winter of 1948-49 was 
much greater than that of the subsequent winter 1949-50, indicating possible 
submarginal food conditions during the second year. G stagnalis appeared to 
be very inactive during the winter and probably consumed little food. 

The genus Glossiphonia was represented in the pond community by two 
other species. A single individual of G. fusca was collected and G. com- 
planata was taken in small numbers in 1948 and reached a maximum popula- 
tion of 33 per sq. M in June 1949. 

Second in number only to G. stagnalis, Erpobdella punctata, a swimming 
predator, was an important pond leech. The largest individual measured 8.8 
cm in length. The population varied from a low 9 per sq. M to a maximum 
of 80. During the winter E. punctata concentrated to a certain extent in 
deeper water. Reproduction occurred in the spring and summer; but a few 
vety young individuals were collected in the fall. The weights indicated sub- 
marginal food supply following the winter kill of fishes. 

Four large leeches, Haemopis grandis (Verrill), H. marmoratis (Say), 
Macrobdella decora (Say), and Placobdella rugosa (Verrill) were found on 
a few occasions. 

The majority of oligochaetes were small species of the family Naididae. 
A population peak of 1260 per sq. M was observed in July 1948. This popu- 
lation diminished rapidly in August and September and reached a minimum 
in the winter. The weight per individual increased gradually during this 
period. The spring and early summer collections in 1949 suggested a popu- 
lation curve similar to that of the preceding year (fig. 5), however, the June 
(1949) population was accompanied by a reproductive phase of the snail 
leech population. The change in the population of leeches played a domi- 
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nant role in reducing to almost zero the number of small oligochaetes during 
the succeeding months. The larger oligochaetes, which were not directly 
related to the snail leech in the food web, were more common in the summer 
of 1949 than in 1948. 

The amphipod, Hyalella azteca (Saussure), primarily a fall and winter 
inhabitant, reproduced largely during the colder months. Bovee (1949) 
reported that 33° C is lethal to Hyalella, if maintained for a number of hours. 
The common summer temperature of 24° C in the pond was perhaps beyond 
optimum temperature for Hyalella. The large population during October 
and November 1949 was associated with luxuriant growth of Spirogyra upon 
which this species feeds. During the winter Hyalella was found in masses of 
partially decomposed Spirogyra. A small population in 1948 was correlated 
with the presence of a predacious fish population. 
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During the summer of 1948 small populations of Gyraulus parvus Say, 
and Menetus exacuous Dall, browsed on pondweed and filamentous algae. In 
late summer and fall numerous snails of the genus Physa browsed (maximum 
population over 100 per sq. M) on the organic bottom and vegetation. 
Menetus and Gyraulus did not move to deeper water nor burrow in the ooze 
for protection during the winter. Numerous individuals, together with masses 
of filamentous algae, were frozen in the ice and ooze. A considerable number 
of Physa also were frozen and many other individuals apparently were winter- 
killed by the stagnant conditions as indicated by numerous dead specimens 
along the shore following the spring thaw in 1949. Not a single living Physa 
was collected during the remaining period of this study. Apparently, the 
winterkill was complete or the population was reduced to such a low level 
that the young were eliminated by predators. Likewise, the small snails, 
Menetus and Gyraulus, were conspicuously absent after July 1949; no doubt 
a favorite prey of the snail leeches. Helisoma trivolvis Say, was collected 
occasionally during the summers. 

Chironomus was the predominant genus of dipterans. In July 1948 very 
small larvae were abundant (1600 -++- per sq. M, fig. 6). This population of 
browsers was reduced to about one half during August and September. Preda- 
tion and emergence were two contributing factors. A maximum weight per 
individual was reached in September. A fall reproductive period increased 
the total population of chironomids to a total of approximately 3200 indi- 
viduals per sq. M. By early April 1949 the population was reduced to only 
350 per sq. M. This population emerged in the latter part of April and in 
May. The population curve showed an expected increase in number of young 
in June, however, in July the small individuals became scarce and only a very 
few were collected during the remaining period of this study. Predation was 
the major factor in reducing the number of chironomids. The family Cerato- 
pogonidae was represented by one genus, Palpomyia. As in the case of 
other dipterous larvae, the population was reduced to a very low level in the 
summer of 1949. The greatest number of specimens was collected during the 
winter months. Lindeman (1941a) reported more individuals in Cedar Bog 
Lake during December than in any other month in 1936 and 1938. Chao- 
borus punctipenis (Say) was the only other dipteran collected in significant 
numbers. Specimens of this species which were collected during most of this 
study indicated the total population to be small. 

Four families of trichopterans, namely, Hydroptilidae, Leptoceridae, Lim- 
nophilidae, and Phryganeidae, were represented in the pond community. The 
larval stage of Phryganea crept actively over the masses of filamentous algae 
and pondweed. The cases of Mystacides and Agraylea were attached for the 
most part to the stems and leaves of Potamogeton berchtold:. All trichop- 
terans were much more common during the period prior to the winterkill. 
This was particularly true of the minute species, Agraylea multipunctata, 
which was easy prey for leeches. 

The population of coleopterans was meager throughout this study with the 
exception of Haliplidae. ‘The absence of many species of Coleoptera was 
perhaps correlated with the extensive mats of algae (Aphanizomenon and 


Hydrodictyon) and duckweed. Wilson (1923) concluded that the presence 
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Fig. 6.—Seasonal populations of Chironomidae. 


of a mat of vegetation of any sort that covered a high per cent of the surface 
of a pond was extremely unfavorable to aquatic beetles except species of 


The larval haliplids observed by the present author were asso- 


ciated with masses of Spirogyra. 


Occasionally adult gyrinids 


The small notonectid, Plea 


A maximum population of 78 larvae per 
sq. M was collected in October 1948. Haliplus was the common genus. Lac- 
cophilus proximus was the only species of Dytiscidae and a single species of 
Hydrophilus represented the Hydrophilidae. 
were observed, but very few larvae were collected. 

The population of Hemiptera was represented by three families, namely, 
Notonectidae, Corixidae, and Belostomatidae. 
striola, and a corixid, Arctocorixa sp., were common. P. striola was taken in 
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considerable numbers in the Ekman dredge collections during the winter. 
The population was greatest during the second winter; reaching a maximum 
of 344 per sq. M in December 1949. A larger notonectid, Notonecta sp., 
and the genus Belostoma (Belostomatidae) were collected in limited numbers. 

The population (approximately 10 per sq. M) of small dragonfly naiads 
(Libellulidae) was very constant from July 1948 to January 1949. Many in- 
dividuals were killed by the severe winter conditions. Emergence occurred 
in April 1949 and very few specimens were collected during the remainder of 
this study. Likewise, the naiads of damselflies (Caenagrionidae), common 
during the early part of this study, were absent after June 1949. A heavy 
winterkill and predation were probably the major contributing factors in prac- 
tically eliminating the representative species of Odonata from the pond com- 
munity. 

Naiads of the genus Caenis were very common in July 1948 (220 per sq. 
M). Many adults emerged during the succeeding two months, reducing the 
naiad population to less than 10 per sq. M. A population of 130 per sq. M 
was recorded for October. This population gradually diminished during the 
fall and winter. There was not the expected increase following the emergence 
period in the spring of 1949. However, the population of Calibaetis brevi- 
costatus Daggy, was not significantly different during the two summers. The 
adults emerged in early spring and in August and September. The largest 
populations, 350 and 160 per sq. M, appeared in October in 1948 and 1949, 
respectively. 

DYNAMICS OF THE POND COMMUNITY 

The aquatic community examined during this study is a successional stage 
of a community which has existed since the Pleistocene glaciation period. The 
basin was formed probably by a small block of ice. When the ice melted and 
filled the basin with water, a pond more than seven meters deep was created 
with an area considerably larger than the existing pond. The annual deposi- 
tion of plants and animals and erosion (wind and water) have been major 
forces in altering conditions of the pond community. Recent activities of 
man, namely, cultivation, road construction, and drainage also hastened the 
filling of the pond. Thus, an aquatic community which was perhaps a large 
permanent pond was gradually reduced in area and depth until at present it 
is beginning to show some aspects of a temporary pond community. Dr. 
Samuel Eddy, University of Minnesota, recalled that in 1934 the pond was 
dry during the summer. During this study (winter of 1948-49) the pond 
froze to the bottom. 

At the beginning of this study a more or less “balanced” condition existed 
with fishes as the top predators. The fish population indicated that the pond 
had not been dry nor frozen to the bottom for at least three years prior to 
this study. However, when the top predators were eliminated from the com- 
munity by a complete winterkill in 1949, the populations of many other organ- 
isms lower in the food web were altered greatly. Many of the biotic 
relationships and changes in the dynamics have been discussed in the previous 
sections on plankton and bottom fauna, pp. 358 and 363. Recently, Ball 
and Hayne (1952) reported similar results when fishes were removed from a 
lake by poisoning. 
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In order to understand more completely the dynamics of the pond com- 
munity an attempt was made to measure productivity. Lindeman (1942) 
and Juday (1940) stated that the year is generally the most useful time unit 
for expressing productivity. The annual yield is complicated by the differ. 
ences in turnover of organisms. Thus, it was necessary to estimate separately 
the productivity of various groups of organisms. The primary food groups, 
which were analyzed quantitatively during the study, were as follows: (1) 
browsers, (2) benthic predators, (3) plankton predators, (4) swimming 
predators (fishes excluded), (5) zooplankters, (6) phytoplankters, (7) sub- 
merged rooted aquatic plants, and (8) Hydrodictyon and Lemnaceae. Quan- 
titative measurements of other portions of the food web were not included 
within the scope of this study, namely, the dissolved nutrient substances, vari- 
ous groups of bacteria, and certain species of filamentous algae, rotifers and 
protozoa. 

The ash-free dry weights of the browsers and the predators (benthic, 
plankton, swimming) were determined largely from Ekman dredge collections. 
It was necessary to estimate the percentage of zooplankters, phytoplankters, 
and debris in the plankton collections. Both net and the nannoplankton col- 
lections (water samples) were used. Some of these were almost 100% animal 
life while others were largely plant life. A summary of weight measurements 
TasLe 11.—Monthly weight of food groups (g/M2, ash-free dry wt.) 


Date *Swimming Plankton Benthic Zoo- Phyto- 
predators _ predators predators Browsers plankton _ plankton 

Jul. 1948 0.08 0.01 0.77 0.83 0.25 1.05 
Aug 1.00 0.01 1.82 1.01 0.60 0.88 
Sep. 1.87 0.00 1.59 2.60 0.16 0.83 
Oct. y By 0.03 1.23 1.49 0.09 0.43 
Nov. 3.12 0.04 1.37 0.94 0.08 0.32 
Dec. 3.24 0.06 1.44 0.49 0.04 0.58 
Jan. 1949 2.69 0.06 0.64 0.51 0.00 0.00 
Apr 0.93 0.02 0.43 0.55 0.14 0.10 
May 0.47 0.01 0.61 0.17 0.10 1.60 
Jun. 0.92 0.01 0.93 0.18 0.61 1.73 
Jul 0.81 0.01 1.66 0.79 0.45 1.43 
Aug. 0.99 0.01 1.34 0.01 0.63 1.22 
Sep. 1.46 0.01 1.83 0.17 0.48 1.47 
Oct. 1.69 0.01 2.80 0.65 0.14 1.59 
Nov. 0.94 0.05 2.74 0.33 0.10 0.52 
Dec. 0.65 0.15 2.96 0.22 0.11 0.60 
Jan. 1950 1.10 0.06 2.43 0.90 0.08 0.70 
Feb. 0.80 0.05 1.73 0.78 oa — 
Mar. 0.52 0.09 


1.23 0.72 — — 


* Fishes not included. 
TaBLeE 12.—Standing crop of major plant food groups (g/M2, ash-free dry wt.) 


“Potamogeton berchtoldi Aug 1948 8.10 
Aug. 1949 10.20 
Hydrodictyon and Lemnaceae Aug 1948 25.2 


Jul. 1949 37.0 
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for these food groups is given in table 11. The standing crop of pondweed, 
Potamogeton berchtoldi, was determined in the latter part of August 1948 
and 1949, the maximum period of growth. Each average weight (table 12) 
is based on collections from 50 quadrats (sq. M). Hydrodictyon and Lem- 
naceae wete collected from a series of quadrats during the early part of 
August in 1948 and the last week of July in 1949. The weights (table 12) 
were determined as a single mass of vegetation because of the mechanical 
difficulties of separating the two plants. These were periods of maximum 
production of the Hydrodictyon. 

According to Juday (1940) the rate of turnover in the plankton crop 
depends mainly upon the rate of reproduction which is affected by various 
chemical, physical, and biological factors. Juday estimated that the average 
turnover in organic matter of the mean standing crop of plankton occurs every 
two weeks throughout the year. Lindeman (1941a) considered that phyto- 
plankters completed their life cycles every week during the summer (May- 
Sept.) and every two weeks during the other months. In this study the 
annual production of phytoplankton was calculated in approximately the 
same manner as that of Lindeman (1941a). The zooplankton indicated an 
average turnover approximately every two weeks. All predators were consid- 
ered to average approximately one generation a year. Data indicated two 
generations a year for the browsers. The annual production of Hydrodictyon 
and Lemnaceae was arbitrarily considered to be twice the maximum standing 
crop; certainly a conservative estimate. The maximum standing crop of pond- 
weed was assumed to be equal to the annual production. 

In order to compare these data with that of previous workers, the dry 
weights (tables 11, 12) were converted to annual gram calories per square 
centimeter. Birge and Juday (1922) chemically analyzed various aquatic 
organisms and Lindeman (1941a) calculated generalized factors for the con- 
version of dry weight values to gram calories per square centimeter (table 13). 


TasLe 13.—Factors for conversion of food group weight values (g/M2) to 


Food Group From Dry Weight 
3500 
Plankton predators .................... 5330 
5000 
Swimming predators 6000 


After annual production of the various food groups was calculated in gram 
calories per sq. centimeter per year, the food groups were arranged in trophic 
levels as determined by the study of food web dynamics. Chlorophyll-bearing 
plants formed the primary producers level; browsers and zooplankters the 
primary consumer level; and predators (excluding the fishes) the secondary 
consumer level. Fishes which were present during the first year were top con- 
sumers (third consumer level), however, quantitative measurements were not 
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determined. Annual production of food groups at the producer level and the 
first two consumer levels are given in table 14 for 1948 and 1949. Also, per- 
centages ratios of the annual production of food groups and trophic levels 
were calculated (table 15). 


TasBLe 14.—Annual production of food groups in the pond community (g-cal/cm2 ) 


1948 1949 
Hydrodictyon and duckweed ..................... 15.2 22.2 
Swimming predators 0.8 0.6 
Total Producers 35.1 
Total Consumers 4.82 
Secondary Consumers 1.32 1.42 


Zooplankters/phytoplankters 36.6 31.1 
Benthic predators/browsers 160.0 
Plankton predators/zooplankters 0.9 0.7 
Benthic predators/producers 2.1 2.6 
Swimming predators/producers 3.3 1.7 
Primary consumers/producers 12.9 9.7 
Secondary consumers/producers 4.1 
Secondary consumers/primary consumers ..........-..--- 42.6 41.2 


The populations of various organisms showed tremendous seasonal fluctua- 
tions in number and varied greatly from one year to the next. However, the 
magnitude of the annual variation of some organisms in the pond was ampli- 
fied because the pond community was in a developmental stage between peren- 
nial and temporary conditions. Therefore, when the fishes (top predators) 
were eliminated from the community the invertebrate population lower in the 
food web changed greatly. 

Phytoplankters formed a significant part of the producer group in the 
food web. They were consumed in part by the heterotrophic rotifer popula- 
tion, cladocerans, and copepods, however, no numerical relationship was evi- 
dent. Pennak (1946) stated that there was not sufficient evidence to prove 
that grazing of zooplankters on phytoplankters was a significant biotic control. 
Detritus rather than living phytoplankters is perhaps equally as important to 
the zooplankters. The production of phytoplankton was 6.0 and 9.3 g cal 
cm2/yr for 1948 and 1949, respectively (table 14). Blue-green algae were 
much more abundant in 1949. Due at least in part, to the limit of water in 
the present pond, the production of plankters was much less than in the Cedar 
Bog Lake as reported by Lindeman (1941a). 


TaBLeE 15.—Percentage ratios of annual production of food groups 7 
1948 1949 
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The water level in 1948 perhaps limited the production of pondweed as 
compared to 1949. Hydrodictyon was more abundant in summer of 1949. 

The organisms which formed the plankton predator group were few and 
constituted a minor part of the total food web. This is indicated by the very 
low ratio of plankton predators to zooplankton (table 15). 

Pronounced predator-prey dynamics were indicated by the great increase in 
the snail leech population (benthic predators) from 1948 to 1949. The leech 
population increased as a result of the winterkill of fishes. Likewise, the 
browsers, namely, small oligochaetes, snails and chironomids were reduced 
to approximately one half, primarily because of predation by the huge snail 
leech poulation. The high ratios (table 15) of the annual production of 
benthic predators to browsers suggested that leeches consumed some plant 
materials. Lindeman (1941a) reported high ratios of 67.6 and 40.0 per cent 
for the Cedar Bog Lake Community in 1938 and 1940, respectively. He con- 
cluded that these ratios indicated subminimal food supply for the predators 
and stated further that some evidence indicated that browsing may have alle- 
viated such a condition. The weight measurements of leech populations in 
the present study suggested sub-minimal food supply for the snail leech in 
1949 and 1950. 

As stated by Lindeman (1942) various food groups form more or less 
discrete trophic levels, each successively dependent upon the preceding level as 
a source of energy with the producers directly dependent upon the rate of inci- 
dent solar radiation as a source of energy. Thus, the total production of 
organisms in the quantitative relationship of any trophic level can be expressed 
in terms of its efficiency with respect to lower levels. Allee and co-workers 
(1949) stated: 


- an interesting generalization may be made that, within a given community, the 
biological efficiencies increase as the rates of production, or productivities, decrease. . . . 
There is no reason to suppose that this productivity/efficiency ratio (p/e) is not univer- 
sal for major communities in approximate biotic balance. We propose that this relation- 
ship be termed the Lindeman ratio, inasmuch as it was derived from his careful work. 


Juday (1940) gives 118,872, g cal/sq. cm of surface as the mean annual 
quantity of radiation delivered ta the surface of Lake Mendota over a period 
of 28 years. Since there is an insignificant difference in latitude, longitude 
and elevation between Lake Mendota and the pond community studied, 
Juday’s estimate was used. 

After the average annual, total production of organisms in each trophic 
level in the pond community was calculated (g-cal/cm?/yr), the totals were 
corrected for dissipation of energy by respiration, predation and postmortem 
decomposition using the corrective factors of Lindeman (1942). Production 
and the efficiency of each trophic level are given in table 16. These factors 
for Cedar Bog Lake and Lake Mendota are included for comparison. 

As emphasized previously the trophic levels were not absolutely discrete 
units in the food web. Some predator-prey relationship may occur within the 
higher trophic levels. It is a well-known fact that many predators vary their 
food habits in accordance with the availability of food items and not all of 
the organisms in each trophic level were completely dependent upon the organ- 
isms in the next lower trophic level in the present study. For example, the 
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TaBLeE 16.—Annual productivity and efficiency of trophic levels in the Minnesota 
pond, Cedar Bog Lake, and Lake Mendota (g-cal/cm2/yr) 


Pond Cedar Bog Lake Lake Mendota 
Produc- _Efh- Produc- Effi- Produc- Effi- 
tivity ciency tivity ciency tivity ciency 

*Radiation ................ 118,872 — 118,872 — 118,872 — 
Producers 49.9 0.04% 111.3 480 0.40% 
Primary consumer .. 9.2 18.4% 14.8 13.3% 41.6 87% 
Secondary consumers 3.4 36.9% 31 223% 2.3 5.5% 

Tertiary con- 

sumers (Fishes) -. — - 0.3 13.0% 


* Taken from Juday (1940). 


common leech, Erpobdella punctata, was considered chiefly carnivorous, how- 
ever, it also consumed some plant fragments and ooze. Therefore, the pro- 
ductivity and the efficiency of any trophic level are merely estimates which 
are open to some criticism. Nevertheless, quantitative estimates are the best 
that can be made in view of the inadequate knowledge regarding trophic rela- 
tionships in natural bodies of water; but these estimates are doubtless in the 
correct order of magnitude. 

The production of producers in the present study was considerably less 
than the production of those in Cedar Bog Lake and Lake Mendota (table 
16). This was due in part to the relatively small production of phytoplank- 
ton. The complete area of the pond was shallow, consequently, the volume of 
water available for plankton was reduced. The production of primary consum- 
ers in the three bodies of water varied less than the production of producers 
and the production of secondary consumers varied least of all. 

The biological efficiencies of the trophic levels, particularly the producers 
and secondary consumer levels in Lake Mendota, varied considerably from 
those in the present study. However, Lindeman (1942) believed that the 
production of the producers in Lake Mendota, as estimated by Juday, was 
too high. Also, he indicated that the production of the secondary consumers 
level was too low. Nevertheless, environmental conditions of Lake Mendota, 
such as depth and percentage of littoral area, differ greatly from those in the 
present pond community, therefore, it should be expected that the efficiencies 
would also differ. 

The various trophic levels could be arranged into the well known Eltonian 
pyramid (Elton, 1927). The rate of production decreased from the producer 
level to the top consumer level while the biological efficiency increased from 
the producer level to the top consumer levels, thus, supporting the Lindeman 
ratio (p/e) designated as such by Allee and co-workers (1949). 

The production of energy at the producer level in the pond community 
was 49.9 gram calories per square centimeter per year. Although the com- 
munity received an estimated 118,872 gram calories per square centimeter 
annually, the producer level utilized only 0.04 per cent of this energy. In 
contrast, the production at the top consumer level was estimated at 3.4 gram 
calories per square centimeter annually with a biological efficiency of 36.9 
per cent. Assuming the food chain to be a continuous process from producer 
level to top consumer level, the ultimate consumer level measured in the pond 
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community utilized only 0.0028 per cent of the original solar energy. In spite 
of the fact that the present pond is relatively fertile and produced abundantly, 
the dynamics show that the energy exchange from one trophic level to the 
next is low. 


SUMMARY 


An ecological study of a small pond in Minnesota was conducted over a 
period of nearly two years. At present, the pond is in a transitional stage 
between perennial and temporary aquatic community conditions. 

The physical and chemical factors were analyzed. The bottom deposits 
(maximum deposition 4 M) were studied in some detail with respect to the 
developmental history of the pond. 

A flourishing peripheral belt of emergent plants (Sagittaria, Typha, Acor- 
us) was present. The annual deposition of organic matter from these was a 
major force in reducing the area and depth of the pond. Duckweed covered 
a large part of the pond during the warmer months. Algae were common 
particularly Hydrodictyon and Aphanizomenon which reached “bloom’”’ stages 
during the summer. The production of algae was correlated with the chemi- 
cal conditions of the water. Potamogeton berchtoldi was the only rooted 
aquatic plant. 


Seasonal and annual variations in the populations of plants and animals 
were determined by quantitative measurements. The organisms in the pond 
community formed a food web which was in a “balanced” condition during 
the first part of this study, however, abnormal climatic conditions resulted in 
winter anaerobiosis and a complete winterkill of fishes (top predators). Con- 
sequently, the populations of various organisms lower in the food web were 
altered greatly. Pronounced predator-prey dynamics were indicated by the 
trophic relationships of the fishes, snail leeches and browsers. 

The food web consisted of seven major food groups, namely, (1) phyto- 
plankters, (2) zooplankters, (3) browsers, (4) plankton predators, (5) ben- 
thic predators, (6) Hydrodictyon and Lemnaceae, and (7) pondweed. The 
total annual production of each food group was determined. 

The food groups formed fairly discrete trophic levels. The producer 
level included the chlorophyll-bearing plant (pondweed, phytoplankton, Hy- 
drodictyon and Lemnaceae). The primary consumer level consisted of zoo- 
plankters and browsers. The secondary consumers included the predators 
except the fishes which during the first year of this study constituted a third 
consumer level. 

The biological efficiency of each trophic level of the food web was com- 
puted by comparing the total production of organisms in each trophic level 
with the total production of. organisms in the preceding level. The total pro- 
duction of organisms at each trophic level decreased while the biological 
efficiency increased from the lowest level (producer) to the top consumer 
level, thus, supporting the Lindeman ratio (p/e, Allee and co-workers, 1949). 
The dynamics of the pond community indicated that the exchange of energy, 
as measured by the production of organic materials, from one trophic level 
to the next is low even though the pond community was fertile and productive. 
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Summer Plankton of Lake Amatitlan, Guatemala* 


Richard S. Peckham and Clarence F. Dineen 


University of Notre Dame, Notre Dame, Indiana 


Previous studies of plankton from Guatemala lakes, by Meek (1908); 
Clark (1908); and Tilden (1908); have been purely qualitative in nature. 
Juday’s (1916) limnological study of Lake Amatitlan, however, included a 
single series of quantitative plankton collections at various depths. The present 
paper is a report on a series of quantitative collections taken from Lake Ama- 
titlan over an eight-week period during the summer of 1951. 

General description of the lake—Lake Amatitlan is of volcanic origin and 
is situated at 90°30’ west longitude and 14°25’ north latitude in the Republic 
of Guatemala. It is eight miles long, 21/2 miles wide and with a surface of 
3870 feet above sea level. A crossing of the International Railways of Central 
America divides the lake into two basins. Mountains, 4670-5170 feet above 
sea level, surround the lake; those of the northwest are composed of granite; 
the others are principally of volcanic ash, pumice, and other loose materials 
which are easily eroded. The mountains to the north and northwest show 
evidence of erosion in the form of huge cuts which are visible for several 
miles. Entering the lake on the north side is the Villalobos (Lobos) River, 
which is the main affluent stream during the dry season. The single outlet is 
the Michatoya River which drains the northwest basin from the south. The 
greater part of the lake shore is steep, especially to the east and southeast. 
Half or more of the north and northeast shores consist of a broad, low plain 
which has been built up by the Lobos River and temporary streams which 
enter the lake from the north and northwest during the rainy season (May- 
November) . 

The surface temperature of the lake throughout the period of this investi- 
gation remained quite uniform, never varying more than 4.2° C during the 
day, but dropping 3 or 4 degrees within a few hours after sunset. The water 
was moderately clear, a white disc 91/2 inches in diameter was visible at depths 
ranging from 10-1314, feet throughout this study. 

Methods.—Collecting stations were chosen in areas which insured adequate 
sampling and yet remained in the practical limits of the invetsigation. In the 
southeastern part of the lake, known locally as the “Laguna,” weekly quantita- 
tive collections of surface (0-2m) plankton were made at three stations situ- 
ated in areas of horizontal flow, aquatic vegetation, and deep center. All 
quantitative collections (84) were made with a hand net of no. 25 mesh 
bolting silk (100 liters of water being strained). 

Quantitative counts were made with the aid of a Sedgewick-Rafter count- 
ing chamber (1 ml) and a compound microscope. At least 1 ml of concen- 
trate was examined for each plankter excepting those organisms which were 


* The material for this paper was taken from a thesis submitted to the University of 
Notre Dame, Notre Dame, Indiana, in partial fulfillment of the requirements for the 
degree of Master of Science. 
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very abundant. Counts obtained from the three main stations were averaged 
and the resulting values utilized in the quantitative treatment of the plankton 


(table 1). 


A definite quantitative value, equalling one unit, was assigned to each 
plankter for purposes of enumeration and comparison. The following check 
list, with quantity equalling one unit designated, includes all species collected 


during this study. 


CuHEcK List OF PLANKTON SPECIES 


Chlorophyceae 


Bulbochaete sp. filament 
Closterium aciculere T. West .. 1 cell 
Closterium cucumis Ehr. .......... 


Scenedesmus bijuga (Turp.) .. 8 cells 
Scenedesmus arcuatus var. 


ee 1 cell platydiscus G. M. Smith ...... 8 cells 
Eudorina elegans Ehr. .............. 1 colony 1 filament 
Gonatozygon sp. 1 cell Staurastrum lepto- 
Hydrodictyon sp 5 cells cladum Nordst 1 cell 
Nephrocytium sp. .............------- 4 cells Staurastrum spp. ...... 1 cell 
Oedogonium sp. 1 filament Zygnema 1 filament 
Dinophyceae 

Ceratium hirundinella Peridinium tabulatum Ehr. ...... 1 cel! 

(O.F.M.) Schrank .............. 1 cell 

Bacillariophyceae 
1 cell Surirella guatemalensis Ehr. .... 1 cell 
Fragillaria sp. -........- 1 cell 1 cell 
1 cell Terpsinoe musica Ehr. ............ 1 cell 
sp. 1 cell 
Myxophyceae 

1 filament  Gloeotrichia sp. 1 trichome 
Aphanocapsa sp. .......-.-- 1 colony Gomphosphaeria aponina 
Botryococcus Braunii Kutz. ...... 1 colony 1 colony 
Coelosphaerium sp. 1 colony 1 filament 
Chroococcus limneticus Merimospedia glauca (Ehr.) 32 cells 

12 cells Polycystis aeruginosa 
Eucapsis alpina 10,000 sq. micra 

Clement & Schantz ............ 32 cells 

Protozoa 
1 individual Epipyxis sp. 1 individual 
Carchetium sp, 1 individual Epistylis sp. ...... 1 individual 
Centropyxis aculeata Stein .... 1 individual  Vorticella sp. 1 individual 
Rotatoria 

Asplanchna_brightwellii Filinia longiseta Gosse .......... 1 individual 

_ 1 individual _Keratella cochlearis Gosse .... 1 individual 
Brachionus sp. ......... 1 individual 
Diurella sp. 1 individual Monostyla sp. 1 individual 


Euchlanis sp. . 1 individual 


1 individual 


Platyias quadricornis (Ehr.) 1 individual 
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Cladocera 
Ceriodaphnia ‘lacustris Birge 1 individual Daphnia longispina 
Ceriodaphnia_ pulchella Sars 1 individual 1 individual 
Copepoda 
Diaptomus amatitlanensis Mesocyclops inversus 


Discussion—The total plankton reached a maximum on August 8-9 of 
1,164,465 units per 100 liters. A minimum of 157,641 units per 100 liters 
occurred on June 27-28 (table 1). 

Phytoplankton.—The phytoplankton consistently exceeded the zooplank- 
ton, never falling below 97% of the total plankton. The phytoplankton con- 
tained 38 genera representing four classes: Chlorophyceae, Dinophyceae, 
Bacillariophyceae, and Myxophyceae. 

Chlorophyceae (green algae; fifteen genera) were in greatest abundance 
throughout the study with an average of 188,181 units per 100 liters. Of 
the desmids, the major group of green algae, Staurastrum leptocladum and 
Closterium aciculare, were the most abundant species. Eudorina elegans 
appeared in all samples. Autocolonies of this species were observed from 
July 18 until the end of the collecting period. Oocystis sp. was common in 
most of the samples, the colonies being composed of 6 or 8 cells. The genus 
Scenedesmus represented by S. arcuatus var. platydiscus and S. bijuga was 
present in small numbers in the majority of the collections. The other genera, 
listed in the checklist, appeared intermittently in the samples and were quanti- 
tatively insignificant. 

Dinophyceae (dinoflagellates) were few in species but abundant in indi- 
viduals. Ceratium hirundinella was the predominant member of the class. 
All forms observed were of the four-horned type. Clark (1908) reported the 
majority of the individuals of this species to be of the three-horned type. 
Peridinium tabulatum occurred fregeuntly in all samples. 

Bacillariophyceae (diatoms) usually were not prominent members of the 
summer plankton although on August 8-9, approximately 54% of the total 
plankton consisted of Melosira spp. No other plankter exceeded this maxi- 
mum in a single sample. Nine additional genera appeared in the collections 
in small numbers. 

Myxophyceae (blue-green algae) were in greatest abundance during the 
early part of the summer, eleven genera being represented. Polycystis aerugi- 
nosa was the predominant species with a minimum of 10,444 units per 100 
liters on August 8-9 and a maximum of 41,333 units per 100 liters on June 
27-28, 


TaBLe 1.—Weekly totals of phytoplankton and zooplankton groups 
with total plankton population (units/100 liters) 


Phytoplankton Jun. 20 Jun. 27-28 Jul. 4 Jul. 11 
Chlorophyceae ...........- 89297 75664 39104 71231 
Dinophyceae  .............- 241040 36477 121580 221408 
Bacillariophyceae. ........ 2737 3368 799 1938 
Myxophyceae ...........--- 26214 41475 12561 20358 


Te. pase 359288 156984 174044 314930 
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TABLE | (continued) 


Zooplankton Jun. 20 Jun. 27-28 Jul. 4 Jul. 11 


222 2420 2837 


413 817 583 
Cladocera .................. ; 3 48 265 


Protozoa 19 11 42 
657 3296 3727 


__ Phytoplankton Jul. 25 Jul 31 Aug 8-9 


Chlorophyceae 205890 497969 426028 
Dinophyceae 247812 144219 96008 
Bacillariophyceae 18330 255665 628054 
Myxophyceae 15364 10632 


487396 1160722 


Zooplankton _ 


6989 
Rotatoria 986 
Cladocera 276 
Protozoa 49 


8300 


Zooplankton.—At no time during the study did the zooplankton exceed 
3% of the total plankton. A total of twenty-one genera of Protozoa, Rota- 
toria, Cladocera, and Copepoda were collected. 

Protozoa. Of seven genera colletced none appeared in sufficient numbers 
to allow consideration of the protozoa as an important constitutent of the 
zooplankton. Centropyxis aculeata, primarily a bottcm dweller, appeared 
most frequently in the samples from the shallow, weedy area. 

Rotatoria. Rotifers were exceeded in number of individuals only by the 
copepods. Keratella cochlearis appeared most frequently with maxima and 
minima at two week intervals. Asplanchna brightwellii appeared in consider- 
able numbers in the latter part of July. Eight additional genera were col- 
lected (see check list). 

Cladocera were few in number until July 11 when 265 individuals per 100 
liters were collected. The species represented were Daphnia longispina, Cerio- 
daphnia lacustris, and Ceriodaphnia pulchella. 

Copepoda constituted the most important group of zooplankton. Meso- 
cyclops inversus appeared in all samples with 2 minimum of 12 individuals 
per 100 liters on June 27-28 and a maximum on July 31 of 1193 individuals 
per 100 liters. Diaptomus amatitlanensis appeared regularly in the majority 
of the collections. Nauplii and metanauplii were present in great numbers in 
most samples throughout the summer. 

Summary.—Weekly collections of surface plankton from June 20 to 
August 9, 1951, were made at three stations on Lake Amatitlan, Guatemala. 
Phytoplankton was predominant in the eighty-four quantitative samples exam- 
ined. Thirty-eight genera comprising four classes, Chlorophyceae, Dinophy- 
ceae, Bacillariophyceae, and Myxophyceae, were identified. The predominant 
green alga was Staurastrum leptocladum, Ceratium hirundinella among the 
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Dinophyceae, Melosira sp. for the diatoms, and Polycystis aeruginosa among 
the blue-green algae. 

The zooplankton constituted twenty-one genera of Copepoda, Rotatoria, 
Cladocera, and Protozoa. The predominant species of each group were Meso- 
cyclops inversus, Keratella cochlearis, Daphnia longispina, and Centropyxis 
aculeata, respectively. 

The following species constitute new records for Lake Amatitlan: Chlo- 
rophyceae: Closterium aciculare, Closterium cucumis, Scenedesmus arcuatus 
var. platydiscus, Scenedesmus bijuga, Staurastrum leptocladum; Bacillariophy- 
ceae: Terpsinoe, musica; Myxophyceae: Chroococcus limneticus, Eucapsis 
alpina (?); Protozoa: Centropyxis aculeata; Rotatoria: Asplanchna brightwel- 
lit, Platyias quadricornis; Copepoda: Mesocyclops inversus. 
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Studies on the Formation and Function of Mucoids 


in Cercariae: Non-virgulate Xiphidiocercariae* 


F. J. Kruidenier 
University of Illinois, Urbana 


In the course of an investigation of the formation and function of meta- 
chromatic mucoids in virgulate cercariae (Kruidenier, 1951), parallel studies 
of the non-virgulate xiphidiocercariae were undertaken. Among the latter 
Lithe (1909) differentiated an ornate group primarily by the presence of a 
delicate fin fold along the tail, an armate group with bodies longer than 0.25 
mm., and microcotylous cercariae with bodies less than 0.20 mm. Subsequent 
investigators have tentatively accepted these groupings (Dubois, 1929), sug- 
gested further divisions (Cort, 1915, Sewell, 1922) or recommended entirely 
different bases of classification (Lebour, 1911). Studies by McCoy (1928), 
Crawford (1937), McMullen (1935) and others amply confirm the close 
relationship which exists among the parasites included in these larval groups, 
indicating that such schemes, justified largely by their convenience, may not 
represent an actual genetic classification. Such criteria as the form of the 
excretory bladder, suggested by McMullen (1937), may aid in the establish- 
ment of more valid taxonomic groupings of the xiphidiocercariae. 


ACKNOWLEDGMENTS 


Sincere gratitude for valued suggestions and criticisms is expressed to Professor George 
R. LaRue, under whose direction this investigation was undertaken. Due credit is also 
given to Professor A. E. Woodhead of the Zoology Department of the University of 
Michigan for his many helpful suggestions. 


Materials and methods——Two species of ornate cercariae, C. longistyla 
McCoy 1929 and that of Macroderoides typicus (Winfield, 1929), one spe- 
cies of the polyadenous armate cercariae, C. isocotylea (Cort, 1914), and two 
species of microcotylous cercariae, that of Alloglossidium corti (Lamont, 
1921) and an undetermined species from Goniobasis livescens Menke (1830), 
are considered in this report. With the exception noted, these species were 
obtained from Lymnaea palustris and Helisoma trivolvis collected near Ann 
Arbor, Michigan. No attempt was made to follow the life histories of the 
cercariae so that identification is tentative, based entirely on morphological 
comparisons. The infected G. livescens were also obtained from the Huron 
River in the same area. Living specimens and whole mount preparations of 
normally emerged and developing cercariae, fixed in saturated aqueous corro- 
sive sublimate, were employed in these studies. Bouin-fixed serial sections of 
entire infected snails were used to supplement the studies of the cercariae of 
M. typicus, C. longistyla, and the cercaria from G. livescens although the 
value of such sections was limited by the usually oblique angles of the sec- 
tions through specimens and the difficulty of following individuals among 
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the tremendous numbers of developing cercariae present in consecutive sec- 
tions. Serial sections of normally emerged C. longistyla and M. typicus were 
also studied. 

Dilute aqueous thionin and toluidin blue were employed to differentiate 
mucoid substances in all of the cercariae. Non-metachromatic tissues of the 
cercariae as well as mucoid and non-mucoid elements in the snails served as 
controls for the series of stain reaction. Delafield’s haematoxylin, with and 
without eosin counterstain, was also used. 


Caudal pockets——Faust (1917) noted that the caudal pockets of certain 
xiphidiocercariae contain a viscous material which he termed “mucous” in the 
sense of an undetermined thick or slimy substance. The demonstration of a 
highly metachromatic substance within the caudal pockets of emerged cer- 
cariae (Kruidenier, 1947), a mucoid in the sense of some combination of 
hexose sugar and protein moieties, led to the further consideration of the 
caudal pockets and of the developing non-virgulate xiphidiocercariae. 

The tails of cercariae in armate, ornate and microcotylous groups, as 
reported, insert subterminally into a postero-ventral groove, usually lined with 
a thickened cuticula and armed with elongate, sturdy spines. These charac- 
teristics, noted by Schwartz (1886) for C. armata, are not described uniform- 
ly in all non-virgulate xiphidiocercariae (e.g. C. helvetica Dubois, 1929 and 
C. crenata Faust, 1917). Variable lateral recesses or pockets are frequently 
described on either side of the tail stem and are termed caudal pockets by 
most investigators (Faust, 1917, Dubois, 1929, Miller, 1936, et al.). They 
have been considered as spinous organs for the attachment of the tail (Leuck- 
art, 1886) and the homologues of the locomotor appendages of the mono- 
stomes (Faust, 1917). 

Among the cercariae -considered in the present investigations, Crawford 
(1937) pictured the caudal pockets of A. corti, Faust (1918) described them 
in C. ssocotylea, and Hussey (1941) discussed them in M. typicus. These 
investigations confirm the observations of the previous investigators and dem- 
onstrate caudal pockets in C. longistyla (Figs. 29, 34). No caudal pockets 
are demonstrable in the undescribed microcotylous cercaria from G. livescens 
(Fig. 25). 

Cee size variation of the caudal pockets occurs (Figs. 29, 37, 39) 
but may be masked by marked apparent variations in the same species of cer- 
cariae (Figs. 35-37). The latter correlates with the emerged age of the 
cercariae and the progressive discharge of mucoid substances from their caudal 
pockets. It may lead to the almost complete disappearance of that structure. 

The excretory ducts from their bladders open into the ventral groove in all 
of the species except M. typicus in which it opens directly into the caudal 
pocket complex. In the latter species the alae of the caudal pockets form a 
single bilaterally symmetrical chamber (Fig. 34), appearing as a dilation 
along the excretory duct which then leads into the ventral groove dorsal to the 
tail stem. As observed by Hussey (1941) the “caudal pocket may appear 
to be a part of the bladder,” cuticularized and spinose. Similar structures 
described in C. pachystata and C. tetradena by Miller (1936) and by Dubois 
(1929) for C. helvetica IV may also prove to be caudal pockets. 

The tails of cercariae with caudal pockets retain a nearly terminal position 
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until late in cercarial development. They are then shifted to a sub-terminal 
position by the differential growth of the posterior body tissues which results 
in the formation of the ventral groove and the caudal pockets. The greater 
complexity of the caudal pocket in M. typicus appears to be the result of a 
more pronounced differential growth, evidenced by a greater anterior “migra- 
tion” of its tail. 


Mucoid glands.—Several types of glands have been described in the non- 
virgulate xiphidiocercariae. The presence of numerous cystogenous glands 
and complements of penetration glands is readily confirmed. The penetra- 
tion glands are refractory to dilute thionin and toluidin blue, in which they 
stain a very faint blue-green, and the cystogenous glands are more chromo- 
philic but generally orthochromatic in these dyes under the conditions of 
staining employed. 

Large, ventral cells with a clear hyaline cytoplasm, the “Blasenzellen” of 
C. armata (Schwartz, 1886), appear similar to glands described for C. crenata 
and C. glandulosa by Faust (1917) as are others reported in C. helvetica IV, 
C. helvetica V and C. helvetica XXX and considered characteristic of the 
xiphidiocercariae by Dubois (1929). Apparently homologous glands have 
been studied in virgulate cercariae (Kruidenier 1947, 1951) and are present 
in the armate, ornate and microcotylous cercariae considered in the present 
investigations. 

The nearly homogeneous contents of these glands are highly chromophilic 
to hematoxylin under proper conditions of fixation and stain. They color a 
brilliant metachromatic-red in very dilute aqueous thionin and toluidin blue 
in marked contrast to the orthochromatic-blue reactions of other tissues in 
identical cercariae and the adjacent non-mucoid tissues of the infected snails. 
They are thus presumptive mucoids. The persistence of their brilliant meta- 
chromatic staining reaction through rigorous alcoholic dehydration demon- 
strates their strongly mucinous nature possibly indicating that they are high 
molecular weight sulfuric esters of protein-hexose sugar compounds (see 
Lison, 1935). The cercarial glands are more highly metachromatic than are 
the mucoid substances in the snail tissues in identical sections and are com- 
parable in metachromasy to the mucus in bronchial and intestinal epithelia of 
mammals. The nuclei and large nucleoli of the glands stain poorly in dilute 
solutions of thionin and toluidin blue. More concentrated dyes color the 
mucoid substances so deeply that the nuclei appear only as clear vesicles 
within the masses of secretion. 

The mucoid glands of the non-virgulate xiphidiocercariae investigated tend 
to branch and lobulate profusely with consequent diffusion of the glands. 
Such morphological irregularities, especially prominent in C. longistyla and 
M. typicus, appear somewhat more pronounced in the glands of entire speci- 
mens than in the cercariae sctioned in situ in snails. This impression may be 
due in part, however, to the different views of the entire glandular complex 
afforded by whole mounts and the partial complement of the glands visible 
in sectional planes. Dissecting cercariae into anisotonic saline media heightens 
existing irregularities and induces abnormalites of their mucoid glands, account- 
ing for discrepancies between sectioned and whole mount specimens. How- 
ever, preparations that demonstrate dendrites in immature glands of C. iso- 
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cotylea, A. corti and the cercaria from G. livescens also show their relatively 
complete disappearance from the more mature glands of these species. This 
indicates that they are not artifacts and the presence of profuse dendrites from 
the glands of in situ cercariae confirms this. While all of the glands of these 
non-virgulate cercariae branch into adjacent intercellular spaces, those anterior 
to the acetabulum are the most irregular (Figs. 3, 8, 19, 24). Usually the 
major branches as well as their minor extensions are directed toward the adja- 
cent ventral surfaces of the cercariae. 

The large mucoid glands are located bilaterally along the mid-ventral line 
from the oral suckers to the tail stems of the cercariae, anterior, lateral and 
posterior to their acetabula. They develop immediately beneath the ventral 
surfaces of the cercariae (Figs. 1, 5, 10, 16, 17, 23) and extend into the more 
dorsal tissues in proportion to their final accumulation of secretion. In gen- 
eral their dendrites decrease in complexity as the glands become swollen with 
secretion. 


In M. typicus those glands which lie anterior to the acetabulum do not 
produce as much mucoid as do the circum-acetabular and post-acetabular 
glands and they retain a greater number of their complex branching processes 
at maturity (Fig. 8). The resultant morphological differences between the 
variously located glands is thus only apparent and is not fundamental. A 
network of highly metachromatic strands is produced anteriorly simulating a 
series of small glands with overlapping branches and ducts. Posteriorly a 
more distinct group of closely associated, multi-lobed glands is present. The 
circum-acetabular glands most closely resemble the posterior group morpho- 
logically. Their lobate processes follow the limiting membrane of the acetab- 
ulum mesiad and inward instead of being directed toward the surfaces of the 
cercariae (Fig. 9). 

The mucoid glands which develop in C. longistyla form the most complex, 
interlacing network (Figs. 3, 28) that is encountered in any of the described 
cercariae. A narrow, clear area, indistinct terminally and in the mid-body 
region separates a series of lateral accumulations of mucoid from the mesially 
developing glands. The lateral accumulations are interconnected with the 
mesial glands by very delicate or attenuate processes (Figs. 2, 3, 26, 28). 
Such connections arise as major dendrites that extend from the mesial glands 
into the lateral fields during development (Fig. 26). Single processes, devel- 
oping thus, branch profusely at their terminations. These branches fill with 
mucoid and become lobate during the later secretory phase of the cells and 
the connections between terminal lobes and the mesial glands remain incon- 
spicuous. Several terminally dendritic processes may radiate from individual 
glands. The general aspect is that of numerous small lateral glands which 
appear later than the median glands, but all become filled with mucoid at 
about the same stage of cetcarial development (Fig. 28). The simultaneous 
but slightly delayed appearance similarly produces the false impression of inde- 
pendent glands. 

A series of mucoid masses also develop within the limits of the oral 
suckers of nearly mature C. longistyla before these cercariae escape from their 
sporocysts but subsequent to the complete discharge of the body glands. A 
lack of any association with the mucoid body glands and the ducts from the 
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Figures 1-25 

1-3. Developmental stages of C. longistyla showing maturation of mucoid glands and 
formation of lateral reservoirs. Note complexity of glands and their lateral dendrites in 
Fig. 3. 4. Anterior end of C. longistyla showing details of mucoid glands within oral 
sucker. 5-8. Developmental stages of C. Macroderoides typicus. Note dendritic processes 
of anterior glands in Figs. 10, 11. 9. Macroderoides typicus after discharge of anterior 
mucoid glands. The caudal pocket is not yet visible. Ventral view. 10-13. Develop- 
mental stages of C. Alloglossidium corti. 14. Non-emerged C. corti showing peripheral 
distribution and ventral concentration of freshly discharged mucoids. The caudal pocket 
is incompletely formed. Lateral view. 15, Freshly emerged C. corti showing mucoid- 
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latter forces the conclusion that these accumulations in the suckers are true 
individual glands, formed in situ. Two pairs of the small elongate glands 
(Figs. 4, 30) follow the lateral margins of the buccal cavity, discharging at 
its dorso-lateral lips. Another, smaller pair is located mesiad, with ducts that 
follow the dorsum of the buccal cavity and empty along the dorsal lip near 
the mid-line. These glands are simpler than those in the body but similarly 
show a distinct tendency to branch. Their convolute ducts are filled with 
mucoid. 

A similar pair of small glands develop at the same time on either side of 
the oral sucker (Fig. 4). They extend along the limiting membrane from the 
base of the oral sucker and empty laterally, near the anterior ends of the cer- 
cariae. Connections of these glands with the body glands were not observed 
at any time in their history. 

Despite excellent metachromatic differentiations of the specimens, it is difh- 
cult to determine the numbers of ventral mucoid glands because of the low 
visibility of their nuclei, the tendency of the glands to overlap shingle-like and 
their generally irregular morphology. The best possible determinations with 
the available material indicate six pairs of glands, three anterior and three 
pairs posterior to the acetabulum (Figs. 1-3, 6-8, 17-19, 24, 26). Glands from 
either the anterior or the posterior groups may partly encircle the acetabulum 
in the different species. 

Ducts are also difficult to distinguish because of the irregular morphology 
of the glands. At best they are only intermittently and partly visible and 
could not be completely determined in C. longistyla and M. typicus. They 
extend on either side of the mid-ventral line into the restricted isthmus of 
tissue between the oral sucker and the cuticula from the most anterior pairs of 
glands in all of the cercariae (Figs. 2, 7, 13, 19, 24). From the second pair 
of glands they course antero-laterad and also terminate ventral to the oral 
sucker, and posterior to the mouth (Figs. 2, 13, 19). In no instance do these 


filled caudal pockets and ventral groove. Dorsal view. 16-19. Developmental stages of 
C. isocotylea. 20. Non-emerged C. isocotylea showing the peripheral distribution of dis- 
charged mucoids and their ventral concentration. Posterior glands are incompletely dis- 
charged and caudal pocket is not visible. Ventral view. 21. Non-emerged C. isocotylea 
after discharge of all mucoid glands, showing mucoid at periphery, in buccal cavity and 
in caudal pockets, and its ventral concentration which is temporary. Lateral view. 
22. Approximate frontal section of emerged C. isocotylea showing heavier posterior part 
of mucoid envelope and relation of excretory bladder to caudal pockets. 23, 24. Develop- 
mental stages of microcotylous cercaria from G. livescens. 25. Emerged specimen of cer- 
caria from G. livescens showing mucoid retained in buccal cavity and acetabular pit. 
ABBREVIATIONS: A—young cercaria, ac—acetabulum, B—pre-mature cercaria, b— 
buccal cavity, cp—caudal pocket, I—lateral mucoid accumulation, m—mucoid, mg—mu- 
coid gland, os—oral sucker, pg—penetration gland, rf—reproductive fundament, sc—sub- 
cuticular metachromatic cell, sg—mucoid glands of the oral sucker, vg—ventral groove. 
All drawings were made with the aid of a camera lucida from permanent prepara- 
tions. One unit of the scale indicating magnification equals 0.01 mm. All photomicro- 
graphs (Figs. 26-42) are contact prints of negatives produced by the enlargement of 
positive color tranparencies; their indicated magnifications are approximate. All figures 
except 22, 41, 42 are of whole mounts fixed in bichloride of mercury and stained in 
dilute, aqueous thionin. Fig. 22 is taken from a serial section of an emerged cercaria 
fixed in formalin and stained in thionin. Figs. 41, 42 are from serial sections of in- 


fected snails fixed in Bouin’s and stained in thionin. 


THE AMERICAN MIDLAND NATURALIST 50 (2) 


Figures 26-42 


Figs. 26-28. Lateral (Fig. 27) and dorsal (Figs. 26, 28) views of developing C. 
longistyla, X294. 29. Emerged C. longistyla, posterior end, showing mucoids on the sur- 
face and in caudal pockets, X294. 30. Mucoid glands within the oral sucker of pre- 
emergent C. /ongistyla, 294. 31. Developing A. corti, 294. 32. Developing C. isocoty- 
lea, X294. 33. Lateral view of early M. typicus, *294. 34. Dorsal view of posterior 
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ducts attain the level of the mouth. These ducts in the cercaria from G. 
livescens, however, encircle the oral sucker, extending almost to the anterior 
tips of the cercariae (Fig. 24) where they most probably empty. The third 
pair of ducts appear to terminate at the margins of the cercariae, slightly ante- 
rior to the level of the bulk of their glands. The fourth pair of glands is 
one of the most difficult to delimit but, while there is some evidence among 
the available specimens that they continue to the dorso-lateral margins of the 
cercariae, they usually appear to terminate laterally and ventrally (Figs. 2, 7, 
9, 13). The fifth and sixth pairs of glands (fifth only in the cercaria from 
G. livescens, v. supra) possess ducts to the posterior margins of the cercariae, 
with pores on either side of the base of the tail during initial development 
(Figs. 2, 7, 13, 19) but carried forward to a sub-terminal position during the 
late “migration” of the tail and the formation of the caudal pocket of C. 
longistyla, C. isocotylea, A. corti and M. typicus. 

Development of the mucoid glands—Numerous small, peripheral glands 
with relatively large nuclei and sparse cytoplasm are visible in many speci- 
mens of the non-virgulate xiphidiocercariae before tail differentiation occurs 
(Figs. 10, 12, 17). They are distributed over the entire surfaces of the cer- 
cariae and possess minute ducts to the surface. Their darkly metachromatic 
(purple-black) reaction to thionin is quite susceptible to the metachromatic- 
reversing effects of alcoholic dehydration so that their contents are only prob- 
lematically mucoidal in nature. Similarly staining glands remain in normally 
emerged cercariae (Figs. 15) where they may form a complement of the 
cystogenous complex while other groups appear to be the precursors of the 
ventral mucoid glands and of the penetration glands. The latter contain 
definite, metachromatic mucoid secretions in their early development. 

The mucoid glands proper can only occasionally be distinguished prior to 
active secretion. The metachromatic techniques employed definitely demon- 
strated mucoid in the glands at about the time of tail differentiation, subse- 
quent to the formation of the oral sucker and acetabular primordia. Active 
secretion in these cells is indicated by the presence of irregular, fine droplets 
of highly metachromatic substances, closely adherent to their nuclei (Figs. 10, 
11, 17). As secretion continues the small droplets enlarge and then coalesce 
(Figs. 6, 18) to form large, deeply metachromatic masses, eventually distend- 
ing the cells and effectively masking the centers of secretion. The metachro- 
matic reaction of these cells is highly resistant to the color reversing activity 
of alcoholic dehydration throughout their subsequent history. In different 


portion of pre-emergent M. typicus showing the duct from the caudal pocket. 35- 
37. Caudal pockets of emerged A. corti showing a progressive loss of mucoid from the 
filled condition of freshly emerged cercariae (Fig. 37) to the depleted condition of older 
specimens (Figs. 35, 36). 38. Non-emerged M. typicus, ventral view, showing remaining 
posterior glands, the last to discharge, X250. 39. Emerged C. isocotylea, showing the 
peripheral distribution of mucoid and caudal pockets (compare with Figs. 35-37), *294. 
40. Sporocyst of M. typicus showing contained mucoid globules, X294. 41. Section of 
snail through developing (A) and nearly mature, (B) C. longistyla showing differences 
in chromophilia and the mucoid envelope of the older cercariae. The original positive 
color transparency of this figure shows the diffuse metachromasy of surrounding snail 
tissues, X294. 42. Section of snail through a group of mature C. isocotylea in a duct 
of the digestive gland showing a portion of the surrounding mucoid film, demonstrable 
completely around this group in the original positive color transparency, <634. 
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species the glands appear first either anterior to the acetabulum (Figs. 10, 11, 
16, 17), posterior to the acetabulum (Fig. 5) or almost simultaneously along 
the entire cercariae (Fig. 23). At maturity they almost completely fill the 
ventral surfaces of the cercariae (Figs. 2, 3, 8, 13, 24), overlapping one an- 
other markedly (Fig. 2) as their convoluted ducts fill variably with accumula- 
tions of secretion. The maximum development of the mucoid glands occurs 
as the cercariae approach maturity within their sporocysts. 

The bodies of the glands undergo relative changes in position concurrent 
with the growth and development of the cercariae. The most marked of such 
changes is the shift of the masses of mucoid lateral to the acetabulum into 
those portions of the glands posterior or anterior to that organ in C. isocotylea, 
and the cercaria from G. livescens. 


Discharge of the mucoid substances—The small mucoid glands associated 
with the oral sucker of C. longistyla (Fig. 4) persist in freshly emerged cer- 
cariae but disappear from older individuals. The contents of these glands 
appear more dilute after the emergence of the cercariae possibly due to slight 
differences in the staining techniques used on the specimens but more probably 
indicating a progressive discharge of mucoid during and after the emergence of 
the cercariae. 

All of the ventral mucoid glands discharge from the cercariae while the 
latter are still within their sporocysts. Occasionally, small flecks of mucoid 
are still present in specimens that have left the sporocysts, but are still within 
the tissues of the snail indicating that the cercariae are discharged from sporo- 
cysts at the time of mucoid discharge. A few specimens of the nearly mature 
cercariae retain portions of their post-acetabular complement of glands only 
(Figs. 9, 14, 20, 38) and in all cases the dilution of the mucoid in these 
remaining glands is evidence of their partial discharge. It is thus probable 
that the discharge of the entire complement is rapid and almost simultaneous. 

Irregular masses of mucoid accumulate along the ventral surfaces of the 
cercariae as the glands begin to discharge (Figs. 14, 21) confirming the obser- 
vations that the pores are ventral. These masses smooth out, forming a 
continuous layer or envelope over the entire bodies of the cercariae which is 
closely adherent to the cuticula (Fig. 28) and extends into the depths of the 
buccal cavity (Figs. 20, 25). In contrast to the other species in which only 
a thin film lines the cuticula of the buccal cavity (Fig. 21), the mouths of 
the cercariae from G. livescens appear to be filled with the substance thus 
serving as temporary storage organs (Fig. 25). Large deposits of the highly 
metachromatic secretions accumulate in the ventral grooves and fill the caudal 
pockets of the other cercariae. 

Clusters of adhering mucoid globules are commonly present in the sporo- 
cysts of M. typicus (Fig. 40) even after all nearly mature cercariae have been 
discharged. The periphery of each globule appears denser than its central 
portion and is more highly metachromatic to thionin and toluidin blue. This 
can be seen in both serial section and whole mount preparations and does not 
appear to be a surface artifact. The vesicles do not become confluent, as 
might be expected, nor are immature cercariae or the walls of the sporocysts 
contaminated with the mucoid. The fundamental nature of the mucoid sub- 
stances must be altered upon discharge, possibly by contact or combination 
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with materials present in sporocyst cavities. An increased density and a cor- 
related decreased permeability of the surface film of the globules would explain 
these observations satisfactorily. Only minor strands of mucoid are visible 
in the sporocysts of C. longistyla but, similarly, there is no apparent contami- 
nation of immature cercariae and sporocyst tissues. A parallel reaction of 
their mucoid envelope would also explain its persistence around the cercariae 
despite their close contact with snail tissues during emergence migrations as 
well as the maintenance of its post-emergent stringy viscosity (v. infra). 

A fine peripheral reticulum of mucoid material is present in tissues around 
migrating cercariae which might be attribtued to the adhesion of mucoids to 
the snail tissues after a pronounced fixation shrinkage of the cercarial tissues. 
However, a wide area strongly metachromatic to toluidin blue, near aggrega- 
tions of the cercariae, indicates that cercarial mucoids are lost during migra- 
tion. Such dispersed mucoids are insufficient to mark the routes of individual 
members of the groups. Further groups of cercariae in the ducts of the diges- 
tive glands (Fig. 42) are surrounded by an area of diffusely metachromatic 
particles and fine strands of mucoids. Some of this material may stem from 
the epithelial cells of these ducts but at least part of the corona obviously 
derives from the cercariae themselves. 


The caudal pockets of the cercariae are present but comparatively small 
prior to the discharge of the mucoid glands (Figs. 3, 13, 20) but they increase 
appreciably with that discharge (Figs. 14, 15, 21). Hussey (1941) similarly 


noted that the greatest development of the caudal pockets takes place late in 
the development of the cercariae. The influx of mucoid into the caudal 
pockets indicates that the pores of the glands posterior to the acetabulum are 
carried from their original positions at the posterior boundaries of the cer- 
cariae into the forming caudal pockets by the differential growth which results 
in the formation of the latter. Ducts of these glands (v. supra) can be traced 
only to the lips of the caudal pockets. Possibly the pressure of the secretions 
within the glands, and other pressures within maturing cercariae (see also 
Kruidenier, 1951), cannot overcome the barrier offered by the sharp recurving 
of the ducts from the glands along the restricted subcuticular tissues at the 
lips of the ventral groove and caudal pockets prior to final development. 


The influx of mucoid into the caudal pockets and the compensatory 
enlargement of the pockets does not appreciably crowd adjacent tissues (Fig. 
22). The evacuation of the massive mucoid glands from their bodies thus 
permits the rearrangement of cercarial tissues to accommodate the definitive, 
much enlarged caudal pockets. At this stage in development the caudal 
pockets and ventral grooves show the greatest accumulations of contained 
mucoid that are present at any time in the history of these cercariae. The 
shallow ventral groove of M. typicus is accentuated by the ventral flexure of 
the lateral margins of the body and the mucoid deposits are thicker in the 
elongate trough so formed posterior to the acetabulum. Similar cupping of 
the body posterior to the acetabulum is less marked in the other species studied 
here and does not result in the retention of marked mucoid accumulations 
although the mucoid envelope is always heavier around the posterior ends of 
the cercariae. 

Definite losses of mucoid from the ventral groove occur during the migra- 
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tions of the cercariae through snail tissues or at the time of their emergence. 
The grooves of all individuals examined en route in the snail were filled with 
mucoid and, frequently, thick masses protruded between the tail and the over- 
hanging tip of the body. These masses may indicate only an excessive forma- 
tion of mucoid by the body glands and its subsequent overflow but, at any 
rate, massive accumulations of mucoid persist in the ventral grooves of all 
post-emergent individuals with the exception of the cercariae of M. typicus. 
With the same exception the caudal pockets of freshly emerged specimens are 
filled to capacity with mucoid. 

Although the mucoid glands of M. typicus (Fig. 8) ace as large as those 
of most of the species studied, the caudal pockets of the normally emerged 
cercariae of this species contain only minor peripheral deposits of mucoid 
substances (Fig. 34). The termination of the excretory duct into the enclosed 
caudal pocket of this species (v. supra) and the constant flow of excretory 
fluids through the caudal pockets proper would hasten the evacuation of the 
mucoids deposited therein. Only indirect evidence of such a flushing action 
with increased excretory activity is present. Sections through the caudal 
pockets of cercariae in sporocysts demonstrate a small, slit-like central cavity 
or open chamber, comparatively large amounts of enclosed mucoid, and the 
duct from the caudal pockets is usually occluded by masses of mucoid. Com- 
parable whole mount specimens contain lesser amounts of enclosed mucoid; 
the unfilled central cavity of the caudal pockets is larger and the ducts are 
patent. In a few whole mounts a small, elongate plug of mucoid extends 
from the caudal tube into the ventral groove. The younger specimens in the 
identical preparations are frequently swollen abnormally, an indication that 
the saline solutions into which they were dissected were hypotonic, but the still 
open cavities within the caudal pockets and ducts demonstrate that this force 
is not responsible for the extensive evacuation of mucoids from the older cer- 
cariae. 

A very few cercariae of M. typicus were observed in migration in the sec- 
tioned tissues of the snails. Their caudal ducts are occluded with mucoid and 
their caudal pockets contain relatively large amounts of the material. No 
more than a small residium of mucoid is present in the caudal pockets of 
whole mounts made from cercariae collected as they emerged from snails 
under constant observation. Only minor deposits are present along the walls 
of the caudal pockets and tubes of serially sectioned, normally emerged speci- 
mens, and delicate strands of mucoid form occasional fine nets within these 
cavities. 


The evidence that an influx of water into the tissues of emerged cercariae 
does occur is similar to that obtained in the studies of virgulate cercariae 
(Kruidenier, 1951). The cells of older, post-emergent cercariae are more 
vesicular and turgid; their nuclei are more widely separated; cell chromophilia 
is reduced indicating a dilution of the protoplasm; finally, the cercariae as a 
whole enlarge appreciably. 


The only compensatory mechanism in the cercariae appears to be the excre- 
tory system. No visible progressive developmental changes occur in matured 
cercariae and there is no apparent food intake in the emerged cercariae. The 
obvious increase in muscular activity of emerging and emergent cercariae can 
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only deplete available energy reserves and add to the burden of the excretory 
system. Thus the only apparent difference between mature, pre-emergent and 
emerged cercariae is in the activity of their excretory systems which must 
adjust to the environment. The effects of hypotonicity are demonstrated by 
the occasional specimens among the cercariae dissected from snail tissues 
and/or sporocysts which show an extruding mucoid plug and the emptied 
caudal pockets and caudal tubes. Predictable isotonicity of cercarial tissues 
with intra-sporocyst fluids and their approximate isotonicity with snail tissues 
are substantiated by the full condition of caudal pockets and caudal ducts of 
ceracriae in those environments. The normal emergence of cercariae from the 
snails into their next, “normal” aquatic environment must result in the in- 
creased activity of their protonephridial systems. This results in an increase 
in the amount of fluid emptied into the caudal pockets and tubes of M. typr- 
cus. The relatively empty caudal pocket system of emerged cercariae of this 
species thus indicates that the excretory activity is increased radically upon 
the emergence of the cercariae, and the mucoid is literally flushed from the 
caudal pockets and tubes. 

As noted, the loss of mucoid from the caudal pockets of C. longistyla, C. 
isocotylea, and A. corti during emergence activities may be the normal loss due 
to the production of mucoids beyond the storage capacity of those cercariae. 
Little loss can be attributed to the excretory activity as the excretory ducts in 
those species empty independently into the ventral grooves (Fig. 22) and such 
activity would necessarily be indirect and minimal. 


Discussion.—The general features of mucoid production and definitive 
distribution, quite similar in the armate, ornate and microcotylous cercariae 
studied, markedly parallels those processes in the virgulate xiphidiocercariae 
(Kruidenier, 1951). Differences in the numbers of glands developed in the 
several species are present and, possibly, might be expected in so large a group 
of trematodes. The provisions for the storage of the mucoid substances 
against future use are interesting, including, as they do, morphological varia- 
tions of the oral sucker (virgulae) and of the posterior ends of the cercariae 
(caudal pockets) or the apparent utilization of non-specialized structures (the 
buccal cavity of the microcotylous cercaria from G. livescens). Mucoid glands 
are retained after emergence in only one of these species, C. longistyla, and 
in this instance only the exceptional, minor complement of glands associated 
with the oral sucker are so retained. The discharge of these glands results 
in an increase in the amount of mucoid retained at the anterior ends of the 
cercariae, however, and may be of definite value to them. 

Several investigators have speculated concerning the nature of the glands 
of xiphidiocercariae. Faust (1917) described certain “stylet” or “salivary- 
mucin” glands that most probably include actual mucin glands. His terminol- 
ogy is somewhat confusing, apparently based on his belief that these glands 
discharge directly into the buccal cavity, are therefore salivary glands and 
must necessarily contain mucin because the salivary glands of vertebrates do. 
His substantiation for this belief is based on the discovery by LaRue (1917) 
that the ducts of certain metacercarial glands contain a metachromatic sub- 
stance. Faust (1917) also termed the stylet of the cercariae a “mucoid” 
structure, illustrating his very general use of this terminology. Dubois (1929), 
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considering probably identical cells characteristic of the xiphidiocercariae, ten- 
tatively proposed that they might serve as special cystogenous glands. The 
glands are not limited to the xiphidiocercariae (Kruidenier, 1947) and their 
history has not yet demonstrated the use of their secretions in the formation 
of cysts. 

As in virgulate cercariae (Kruidenier, 1951), the discharge of the mucoid 
glands of the non-virgulate species occurs at the approximate cessation of cer- 
carial development within the snail. This must correlate with the changes 
which terminate cercarial adaptation to the snail to initiate the adaptations 
permitting invasion of and life in a definitely restricted series of second inter- 
mediate hosts. The interpolation of the mucoid layer between the cercariae 
and snail tissues cannot fail to further protect these organisms from the pre- 
dictable effects of physiological imbalance during their stay in the snail tissues. 
The indicated surface reaction of intra-sporocyst mucoid globules observed in 
the studies of M. typicus, would prevent the rapid loss of surface mucoids, 
increasing their protective properties and preserving the stringy nature of the 
underlying coating. 

It is apparent in all species that portions of the mucoids are dissipated 
from the cercariae during their sojourn in snail tissues possibly indicating the 
production of mucoids in excess of the capabilities of the cercariae to handle 
them. The losses, especially from the peripheral coat, may be due to the 
mechanical contacts of cercariae with snail tissues and may indicate that the 
mucoid functions to lubricate the migrations of the cercariae. Mucoids in 
snail tissues are morte concentrated in the vicinity of groups of cercariae but 
they diffuse into surrounding tissues as well. This and the aura of diffuse 
mucoids and delicate mucoid strands around clusters of cercariae (C. longi- 
styla) within the tubes of the digestive glands of the snail may indicate that 
mucoids are dispersed fortuitously but it also may indicate that mucoid dis- 
persal is not necessarily lubricatory. The inhibiting effect of mucoids on 
digestive enzymes is known (Meyer, 1946) and partial saturation of sur- 
rounding snail tissues with these substances would appear to exert a distinct 
effect on enzyme concentration and effect around and on the cercariae. 

Entangling strands that extend from the mucoid masses in their ventral 
grooves, demonstrable in preparations of emerged cercariae, explain the transi- 
tion of the caudal pockets from large, cup-like cavities to narrow almost 
depleted slits. Such strands obviously serve in the fixation of the cercariae to 
various substrates and the extrusion of mucoid from caudal pockets thus sup- 
plements the expended ventral groove materials. The depleted caudal pockets 
of C. isocotylet, A. corti and C. longistyla (Fig. 36) resemble the pockets 
of immature cercariae of those species immediately prior to the discharge of 
their mucoid glands. Thus the form of the pockets of these mature emerged 
cercariae appears to be largely determined by the amount of mucoid which 
they receive and retain from the mucoid glands of the immature cercariae. 


The mechanism of mucoid discharge from the caudal pockets is possibly 
complex but several factors appear probable. The strong contractions of the 
bodies of swimming cercariae are doubtless a contributing factor. Similarly 
the intra-tissue pressures caused by the imbibition of water from a decidedly 
hypotonic environment would force materials from the caudal pockets. The 
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flushing action of an increased excretory activity accompanying the increased 
water intake would contribute to the progressive, gradual discharge of the 
mucoids from the caudal pockets. 

The mucoid envelope cannot fail to interpose a barrier against the neces- 
sarily hypotonic medium in which the emerged cercariae live, just as it also 
offers automatic protection to these cercariae from the effects of their own 
proteolytic enzymes during the act of penetration into second intermediate 
hosts. In addition, the peripheral envelope is frequently thicker at the ends 
of their bodies and the lashing motions of the cercariae while swimming favors 
contact of these thickened areas with objects in their paths. It is occasionally 
possible to drag individual cercariae through the water by means of slender 
strands formed by touching the swimming cercariae sharply with a fine needle, 
demonstrating the value of the peripheral envelope in attaching cercariae to 
substrates. 

McMullen (1935) noted that the cercariae of M. typicus characteristically 
tend to gather into entangled wriggling groups upon their emergence from the 
snail. Other species (McMullen, 1935, also confirmed in these studies) do 
not commonly so aggregate. He attributed this to an active burrowing of 
these cercariae into masses of snail mucus. Such mucus is available to all 


species of cercariae so that this explanation implies a special tropism for M. 
typicus, a concept difficult to accept. 


more anterior attachment of the tail of M. typicus ensures that its 
very strong swimming motions are translated more into a vigorous lashing of 
the body and less into forward progression in contrast to the other cercariae 
observed. In addition the more complete discharge of mucoid from the caudal 
pockets and caudal ducts upon contact with the free environment may aid in 
the entanglements observed. The concurrent emergence of groups of these cer- 
cariae and the discharge of their accumulated mucus into that always present 
at the surfaces of snails favors an entanglement of the cercariae which their 
own swimming motions would further. The advantage of such entanglements 
in ensuring broader contacts with the second intermediate hosts or in holding 
groups to the substrates in flowing water is obvious but similar activities in 


natural habitats (as pointed out by McMullen, 1935) are highly speculative. 


Summary.—A series of homologous, ventral, bilaterally symmetrical glands 
is demonstrated in five species of cercariae representing the major groups of 
non-virgulate xiphidioceracriae. The decidedly metachromatic reaction of the 
unicellular glands to thionin and toluidin blue is strong presumptive evidence 
of their mucoprotein or mucopolysaccharide nature. The entire development 
and discharge of the glands occurs in pre-emergent, immature cercariae. The 
storage of their secretions in either the specialized caudal pockets or the buccal 
cavities of the various species indicates the probable importance of this sub- 
stance in the economy of the parasites. Despite variations in the numbers and 
complexity of the glands, marked parallelisms in development, distribution and 
fate indicate that they are homologous with similar glands in virgulate 
xiphidiocercariae (Kruidenier, 1951). 

Observations of living, normally emerged cercariae demonstrate the use of 
a peripheral film and stored mucoid derived from the glands in attaching 


cercariae to substrates. Permanent preparations of these cercariae confirm 
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these observations. An inferred protection of the cercariae from deleterious 
effects of their free aquatic environment and from pre- and post-emergent 
inimical host activities as well as the lubrication of migratory movements 
within hosts are substantiated by analysis of their life histories, the applicaton 


of recognized general properties of mucoid substances and studies of migrant 
cercariae in situ. 
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A New Type of Metacercarial Cyst of the Genus 
Apophallus, from the Perch, Perca 
flavescens, in Minnesota* 

Bruce H. Warren 


University of Minnesota, St. Paul 


A new type of cyst containing a metacercaria with the characters of the 
genus Apophallus, but differing considerably from any Apophallus cysts pre- 
viously described, was found imbedded in the musculature of the common 
perch, Perca flavescens, in northern Minnesota. These cysts were present in 
all of 30 perch examined from Lake Itasca and in a single large perch, about 
12 inches in length, examined from Leech Lake. The fish from the first lake 
varied from two to eight inches in length. A few cysts were also found in 
one of a number of minnows, Notropis sp., from Lake Itasca, but they were 
not found in Fundulus diaphanus, Esox lucius, Stizostedion vitreum or Am- 
bloplites rupestris, although several of each were examined. Following is a 
description of the cysts and of the contained metacercaria, for which the name 
Apophallus itascensis is proposed, a report of negative experimental feedings, 
and a discussion of the relation of this parasite to other species of the genus. 
Grateful acknowledgement is made of the assistance given by Dr. Asa C. 
Chandler in the course of this study. 


THE Cyst 


The cyst of A. itascensis usually consists of three layers. The inner layer or primary 
cyst tightly surrounds the metacercaria and is oblong in shape. It is composed of a strong 
hyaline substance probably secreted by the parasite. Because of the great difficulty met 
in removing the secondary cyst, only two of these inner cysts were obtained intact for 
accurate measurement. One of these measured 3234 x 300 and the other 390m x 335uy. 
Measurements of several other primary cysts came close to this range, though the measure- 
ments could not be as accurately made. 

The secondary cyst has a very peculiar shape, looking not unlike a miniature balloon 
tire (fig. 1). Its general shape is moderately flattened and biconcave. The upper and 
lower aspects of the cyst are greatly thinned immediately above and below the contained 
primary cyst leaving a tire-like ring of hard, translucent, amorphous material similar in 
character to the substance of the lens of an eye, but harder and more glassy. The size 1s 
variable; measurements of 50 secondary cysts gave a range from 345 to 630u in depth 
(av. 440), from 398 to 1066 in width (av. 674) and from 503 to 1170 in length 
(av. 794). While the above general shape is characteristic, some exceptions were encoun- 


tered in which one cyst was elongated and cylindrical with no concavities, and several 
were angular in shape. 


Because of its hardness it is almost impossible to dissect this cyst to liberate the 
primary cyst. When ingested by a suitable host a round escape hole is digested for the 
metacercaria from the thin concave areas overlying the primary cyst. 

A third layer usually surrounds the secondary cyst. This consists of host connective 
tissue and black pigment. When this layer is present the cysts are much easier to find in 
the flesh of the fish. Sometimes the pigment is present in small amounts, giving the cyst 
a speckled appearance. 

THE METACERCARIA 

Due to the great difficulty in removing the secondary cyst, few metacercariae were 
obtained by mechanical means which were not damaged. Artificial digestion was tried 
but proved unsuccessful. A total of nineteen metacercariae were studied, of which nine 


* Contribution from the University of Minnesota Biological Station, Lake Itasca, 
Minnesota. 
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were removed mechanically from the cysts (seven were slightly damaged), and ten were 
taken from the ileum of a cat which had been fed cysts. 

The metacercaria is at an advanced stage of development in its cyst before ingestion 
by the definitive host. As is the case with other species of Apophallus, it is virtually a 
young adult. The testes and ovary are well formed. The gonotyl is present and the body 
of the worm itself approaches the size of some adult species of Apophallus. However, 
the vitellaria, one of the principal characters used in separating the species in this genus, 
are not developed, so it is impossible to differentiate this parasite with certainty from 
some of the known species by the features of the metacercaria, though the characters of 
the cyst are very distinctive. Lyster (1940) used the gonotyl as a character to separate 
the species of Apophallus, but Miller (1941) concluded that the shape of the gonotyl was 
too variable to be of value. This conclusion has been substantiated in the present study, 
in which the gonotyls were observed to have many different shapes. 


Figs. 1-3.—1. Méetacercarial cyst of Apophallus itascensis, showing “balloon tire” 
shape; 2. Optical section of cyst of A. itascensis, showing shape and relative size of pri- 
mary or parasite cyst, closely investing folded metacercaria, and two parts of secondary or 
host cyst, the inner glassy one (stippled) very thick laterally, and the outer one of loose 
connective tissue with black pigment cells; 3. Metacercaria of A. itascensis, freed from 
cyst. 

ABBREVIATIONS: AC—acetabulum, C—cecum, E—esophagus, EB—excretory blad- 
der, EP—excretory pore, G—gonotyl, HC—host cyst, Met—metacercaria, O—ovary, OS 
—oral sucker, PC—parasite cyst, Ph—pharynx, PL—pigment layer, PPh—prepharynx, 
T—testis. 
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Description of Metacercarta——The body contour varies from oval to elongate pyri- 
form depending on the extension of the anterior end. In fixed specimens the oval form 
is prevalent. The body ranges in length from 405 to 903 and in breadth from 195 to 
3004, being two to three times as long as wide in the oval form and about four times 
longer than wide when pyriform. Numerous small spines arranged in diagonal rows arise 
from the cuticle in the anterior half of the body but only few can be discerned posteriorly. 

The oral sucker is oval and measures 36 to 41u long and 39 to 60” wide. A short 
prepharynx is present between the oral sucker and the muscular pharynx and is best seen 
on unstained live specimens. The pharynx ranges in length from 31 to 424 and in 
breadth from 24 to 264. The esophagus is very long, extending about a third of the body 
length in oval specimens and up to one half the body length in those of pyriform shape. 
The ceca extend to the posterior end of the body, following the contour of the body until 
they almost touch the excretory bladder in the median field. This latter organ is 
expanded posteriorly, narrowing as it twists to pass between the testes and then twisting 
again as it passes forward medial to the ovary. Up to the level of the ovary it is filled 
with refractile granules. It could not be traced anterior to the level of the ovary. 

The acetabulum is round and measures 37 to 48 in diameter. The gonotyl apparatus 
consists of two arched, pyriform structures immediately anterior to the acetabulum. 

The ovary lies on the right side of the body diagonally and posteriorly from the 
acetabulum. It is usually round, ranging from 51 to 73 @ in diameter. 

The two testes lie obliquely from each other in the posterior third of the body. The 
anterior testis lies on the left side of the body and the posterior testis on the right. They 
vary greatly in shape and may be round, oval or angular, but are usually wider than 
long. The testes measure from 73 to 95u in length and 93 to 1194 in breadth. 

The finer details of the reproductive system can not be seen in the metacercaria. As 
has previously been mentioned vitellaria are entirely absent. 


EXPERIMENTAL FEEDINGS 


The cysts of A. itascensis from the flesh of perch were fed to six kittens 
and to four chicks in the hope that the worms might develop to maturity and 
be identifiable. The chicks were fed from 25 to 32 cysts each; one was exam- 
ined after 10 days and three after 24 hours, but no worms were found in any 
of them. Five of the six kittens were fed 43, 50, 24, 32, and 6 cysts, respec- 
tively, and were examined, 4, 4, 9, 11, and 27 days later, all with negative 
results. The sixth kitten was fed 135 cysts and examined 12 hours later. Ten 
worms were found in the ileum, but they did not appear very active and were 
probably on their way out of the intestine. 133 of the 135 cysts fed this kit- 
ten were recovered in the large intestine. In those from which the metacer- 
cariae had been liberated the concave area of the cyst had been digested away. 
The diameter of this aperture was approximately 120. 

It is unusual that cysts found in perch did not infect kittens even when 
fresh cysts were fed in quite large numbers. The adults of the various species 
of Apophallus have nearly all been infective to cats. 


DIscUSSION 


There has been considerable confusion concerning the genus A pophallus 
and the species assigned to it. The situation was reviewed by Lyster (1940), 
who recognized three closely related species of Apophallus as occurring in 
Canada and the Eastern United States: A. venustus (Ransom, 1920), A. 
brevis (Ransom, 1920), and A. imperator (Lyster, 1940). Miller (1941), how- 
ever, reduced Lyster’s A. imperator of loons in Eastern Canada to synonymy 
with A. brevis, which was described from a gull, Larus delawarensis, in Wash- 
ington, D. C. A. venustus has been reported from the dog, cat, Alaskan fox, 
harbor seal, and great blue heron as definitive hosts. Lyster obtained experi- 


400 THE AMERICAN MIDLAND NATURALIST 50 (2) 


mental infections with his “A. imperator” in cats and pigeons. A. donicus 
(Skrjabin and Lindtrop, 1919), a species found in many kinds of birds and 
mammals in Europe was reported by Price (1932) in rats in Virginia. Price 
(1931) considered A. venustus to be a synonym of this species, and Douglas 
(1951) referred some specimens he found in a dog in California to A. doni- 
cus. On the other hand, Cameron (1936) and Lyster (1940) considered 
A. venustus a distinct species. This question is one which the writer is not in 
a position to clarify, but the wide host range of A. donicus in Europe, includ- 
ing Holarctic mammals and migratory birds, would make its occurrence in 
the North American continent not improbable. In any case, the metacer- 
carial cysts of A. donicus as described by Ciurea (1928), found superficially 
on the fish as are those of A. venustus, differ greatly from those of A. itascen- 
sis. Wan Cleave and Mueller (1932) described A. americanus from two 
immature specimens, one from the intestine of a wall-eyed pike, Stizostedion 
vitreum, and the other from the intestine of a yellow perch, Perca flavescens. 
They felt these were accidental infections in which the worms would probably 
not have matured. Another North American species of the genus, A. crami 
Price (1931), has thus far been reported only from the California gull, Larus 
californicus, at Klamath Falls, Oregon, and its metacercaria has not been 
found. 


The metacercarial cyst of Apophallus here described differs strikingly from 
those of either A. venustus or A. brevis in shape, structure, size, host and 
anatomical distribution. The cysts of both of the latter species are of ortho- 
dox shape, the secondary or host cyst being oval in outline and composed of 
dense fibrous tissue, quite in contrast to the biconcave balloon-tire shaped cysts 
here described. Cameron (1945) reported the largest observed cyst of A. 
venustus to 250 x 175y and of A. brevis 231 x 154, whereas the parasite 
cysts here described measure up to 390 x 335u. The cysts of A. venustus 
have been found in 13 different species of fish of many different families. 
They are unpigmented and occur in the musculature at the base of the dorsal 
and anal fins, and less frequently of the other fins, but not elsewhere in the 
cuticle or musculature. The cysts of A. brevis have been found naturally only 
in the speckled trout, Salvelinus fontinalis, although the brown trout, Salmo 
fario, has been experimentally infected; rainbow and lake trout have proved 
refractory. They form black spots and are widely distributed in the skin, 
fins and head of the fish. The cysts described in this paper have so far been 
found only in perch with the exception of one record in a minnow, Notropis 
sp. They produce a moderate melanistic reaction, and are found deeply im- 
bedded in the musculature, particularly of the back. 


The peculiar characters of shape, structure, size, and host relations of 
this metacercarial cyst appear to warrant its recognition as a distinct species, 
as has been done above. The peculiarities are not likely to be due to the 
effects of living in a strange host, for A. venustus cysts have not been reported 
to show any peculiarities of development or location in such widely different 
hosts as bowfins, catfish, bass and perch. It is therefore impossible to consider 
this parasite as specifically identical with either A. venustus or A. brevis, 
found in northern and eastern North America, and it does not appear to be 
identifiable with A. crami because of anatomical differences shown by the 
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young worms (body shape and bifurcation of the gut). The body shape of 
A. itascensis varies from oval to pyriform, depending on the expansion of the 
anterior portion of the body, and the body is never found constricted whereas 
the body of A. crami is constricted on both sides in the region between the 
acetabulum and the intestinal bifurcation. The esophagus of A. itascensis 
bifurcates about one-third to one-half the body length while that of A. crami 
bifurcates about one-fifth the body length from the anterior end. A. itascensis 
most nearly resembles A. americanus. As A. americanus was described on 
the basis of only two immature worms, however, it is difficult to ascertain 
how nearly the average measurements of the two species would coincide. A. 
americanus appears to be a somewhat larger worm being 900 to 1020 in 
length while A. itascensis varies from 405 to 903. with an average length of 
736. A. americanus does not evidence a prepharynx while A. itascensis does. 
The gonotyl apparatus of the latter species is clearly seen in all specimens 
while it is undiscernible in the two specimens of A. americanus. The two 
species are similar in that the esophagus is one-half the body length in A. 
americanus and one-third to one-half in A. itascensis. Testicular arrangement 
is also similar in the two species although no measurements are given for the 
testes of A. americanus. Further experimental evidence is necessary to deter- 
mine the relationship of these two species to each other. 

The only adult specimens of Apophallus thus far obtained from hosts 
examined at the University of Minnesota Biological Station were a few speci- 
mens obtained from a loon from Lake Itasca and identified to genus but not 
to species by Dr. A. C. Chandler. These specimens were removed by students 
and are not now available. When more aquatic birds become available for para- 
sitological examination in this area, the definitive host for this new species of 


Apophallus will probably be found. 
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A Study of the Effects of Black and Yellow Grubs on 
Lepomis cyanellus and L. humilis in 
a Natural Environment 


Thomas Ralph Rabideau and J. Teague Self 


University of Oklahoma, Norman, and University of 
Oklahoma Biological Station, Lake Texoma 


Questions concerning the effects of parasitism on fish have stimulated 
considerable investigation; whether parasites damage their hosts to any ap- 
preciable extent seems to depend on a variety of conditions. Works deal- 
ing with this problem have been varied in nature and are too numerous 
for a complete review in this paper. Certain investigations (Van Oosten 
1944; Elliot and Russert 1949) have indicated that parasites are of minor 
importance in fixing the standards of growth in an entire population. 
There are records, however, of populations having been damaged by heavy 
parasitism (Fasten 1922; Essex and Hunter 1926; Hubbs 1927; Reighard 
1929; Cross 1938; Venard 1940; Fantham and Porter 1947). In cer- 
tain instances, it has been shown that the reproductive capacity, at least, is 
impaired (Reighard 1929; Hunninen 1935; Hunter 1942). Experimentally, 
it has been demonstrated that tissue parasites especially may be a cause 
of stunting or loss of weight and sometimes death where infections are 


heavy. Noteworthy among works of this type are those of Krull (1934) 
and Hunter and Hunter (1938). 


The work reported here is based on a study made during the fall of 1949, 
on a mixed population of Lepomis cyanellus and L. humilis taken from 
the Little River where it crosses the south campus of the University of 
Oklahoma in Norman. This population of fish was chosen for study be- 
cause it represented a condition of overpopulation and stunting, as well 
as heavy parasitism. The fish were concentrated in small holes along the 
stream and were heavily parasitized by the strigeid metacercariae, common- 
ly called “black grubs” and, less heavily, by yellow grubs of Clinosto- 
mum marginatum. This offered an opportunity to study relations between 
the general well-being of the fish, or K factor, and parasitism under natural 
conditions. 

The fish were poisoned with rotenone. Upon collection, they were classi- 
fied and weighed; standard length was determined and scale samples were 
taken for age determinations. Specimens were preserved in alcohol for 
future study of growth. A total of 341 fish were selected for study. Of these 
203 were Lepomis cyanellus and 138 were L. humilis. They were separated 
into age groups as revealed by scale readings, and the K factor determined for 
each specimen. 

Determinations and counting of the grubs in the muscles were made 
by examining longitudinal slices of the muscle tissues over a light. All 
other organs were dissected for cysts. 

The fish were divided into five-millimeter groups within each age group, 
the age being expressed as the year in which they lived when collected. 
Growth was determined as the percentage of total growth in the last year, 
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as shown by scale readings. Data were charted separately for the two species 
of fish, as well as for the total group. 


Taste 1.—Grub infestations in Lepomis cyanellus and L. humilis 
Lepomis cyanellus 


Yellow 
Total _—Aver. 


0 
17 
82 

7 


106 


Lepomis humilis 


Blac _ Yellow. 


3 0.078 
529 12.59 
1,746 30.1 


2,278 14.26 


All fish 


37,795 192.17 


RESULTS 


Table 1 shows the number of each species of fish examined in each 
age group, the number infected, the total number of grubs and the aver- 
age number of grubs observed. The table shows a high rate of infection 
by the black grub and a relatively low rate by Clinostomum marginatum. 
As is shown in figure 1, the rate of infection increased with age, indicat- 
ing that infection is cumulative. No correlation was found between the 
length of the host, within any age group, and rate of infection by Clinos- 
tomum marginatum. Infection by black grubs was shown to increase with 
the length of hosts within age groups. 

The coefficient of condition, or K factor, as expressed by fishery biolo- 


Age No. of Black 
hosts _ Total Aver. 
: 1 20 141 7.05 0 
; 2 50 5,235 104.7 0.34 
q 3 118 21,658 183.5 0.69 
} 4 15 8,483 565.5 0.46 
203 35,517 215.19 |_| 0,37 
: Age No. of 
hosts 
§ l 38 0 0 
2 42 40 0.95 
f 3 58 90 1.55 
138 es 130 0.83 
__Gnubs 
Age of _Black 
hosts Total _ Aver. Total Aver. 
] 58 144 2.48 0 0 
2 92 5,764 62.65 57 0.62 
3 176 23,404 132.97 172 0.98 
4 15 8,483 565.5 7 0.46 
341 Pe 236 0.51 
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gists (Elliott and Russert, 1949), was then employed in an attempt to 
establish a correlation between the K factor and the rate of parasitism by 
all grubs. The results are shown in figure 2. Where the number of para- 
sites in each host is plotted against its K factor, it is seen that there is 
no apparent correlation between the K factor of the host and the number of 
grubs parasitizing. Note that the fish with extremely heavy infections fall 
within the K factor range occupied by the largest number of fish with low 
rates of infection. 
DiscussION AND CONCLUSIONS 


The results, presented in this paper, are quite similar to those of Elliot 
and Russert (1949), who found no correlation between the K factor of 
yellow perch and heavy infections by grubs of Clinostomum marginatum. 
It is now pertinent to examine the technique used, as a valid means of 
determining the relation of parasitism to the conditions of a population 
of fish. As data accumulate, it becomes convincing that the effects of 
parasitism vary considerably. It is doubtful, also, if the K factor can 


—— Block grub in Lepomis cyonellus 
one,” Block grub in Lepomis humilis 
——Yellow grub in Lepomis cyenelius 
—-—Yellow grub in Lepomis humilis 


PERCENTAGE OF INFECTION 


YEARS 


Fig. 1.—Percentage of infestation of 1-4 yr. old Lepomis cyanellus and 
L. humilis by black and yellow grubs 
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be used effectively as an indication of the damage done by parasites 
on the host. This factor may be used to show the influence of crowding, 
and other conditions, and the ecological factors involved may, also, influ- 
ence the degree of parasitism. One would not expect, however, that factors 
such as overpopulation which would influence both K factor and para- 
sitism would necessarily give an independent correlation between K factor 
and parasitism. The relationship between the latter two factors could be 
established only under carefully controlled conditions. It is the opinion 
of the authors, therefore, that the technique employed cannot be used in 
natural situations as a means of determining the effects of parasites on 


fish hosts. 


MUMBER OF PARASITES 


lO 14 8 22 26 30 34 38 42 46 5O 54 58 62 66 70 74 78 
COEFFICIENT OF CONDITION 


Fig. 2.—Parasitism by black grub plotted against coefficient of 
condition for all 1-4 yr. old fish 
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An Ecological Study of the Helminth Fauna of Mac- 
gillivray's Seaside Sparrow, Ammospiza 
maritima macsgillivraii (Audubon) 


Wanda Sanborn Hunter 
Duke University, Durham, N. C. 


Thomas L. Quay 
North Carolina State College, Raleigh 


Macgillivray’s seaside sparrow, Ammospiza maritima macgillivraii (Audu- 
bon) is the most abundant and widespread nesting bird in the salt marshes 
within a several mile radius of the Duke University Marine Laboratory at 
Beaufort, N. C. A “land” bird confined to a distinct maritime habitat, it 
provides an interesting host for parasitological studies. During a three-year 
period (1949-51), 100 seaside sparrows were examined. Comparisons of 
parasites from both adult and immature birds from two types of environ- 
ments were made. All worms recorded from the hosts constitute new host 
records. 

During the winter months, the seaside sparrows of this subspecies are 
absent from the Beaufort region, but the migration of adults into the area 
begins in late March. Most of the nesting population is present by mid- 
April and by June nesting is in full force, all pairs having either eggs or 
young in nests or feeding young out of nests. Adults and young leave this 
area during August and early September, and any of this subspecies to be 
found later in the fall are believed to be en route South from more northern 
habitats. 

The local habitats from which the seaside sparrows were taken fall clearly 
into two categories, the rising shore or driftline type and the flat or non- 
driftline type. 


ENVIRONMENT I 


Rising shore or driftline type—A driftline of one to twenty feet wide, 
depending on slope and configuration of the shore, marks the limits of the 
highest tides and is above the average high tide mark. Spartina alterniflora is 
the only plant in the intertidal zone. The bottom is usually soft black mud and 
peat. A beach of mixed sand and mud, exposed at low tide, is heavily popu- 
lated with fiddler crabs, primarily Uca pugilator, common mud-flat snails, 
Nassarius obsoleta, and various polychacte worms. Directly behind the drift- 
line, a grass complex, with Spartina patens dominating, forms a supratidal 
zone which extends to the dunes covered with sea oats, Uniola paniculata. 


1 A contribution from the Duke University Marine Laboratory, Beaufort, N. C., 
supported by grants to the senior author from the Carnegie Research Fund and the Duke 
University Research Council. The assistance of Dr. Winona B. Vernberg is gratefully 
acknowledged. 
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ENVIRONMENT II 


Flat or non-drift line type—This environment differs from type I in that 
there is no driftline to form a clear-cut separation between the intertidal and 
supratidal zones, and no exposed “sandy” beach on the seaward side of the 
S. alterniflora. The height of the water table affects the distribution of the 
plant communities. Differences in altitude of only a few inches over the flat 
land influence species composition. S. alterniflora grows where salt or brack- 
isn water surrounds the roots at high tide. S. patens and plants associated 
with it occur where the bases of the plants are not usually covered with salt 
water. Juncus roemerianus is found only in this second environment, occur- 
ting throughout the area in clumps 5 to 30 feet across. The other species of 
plants grow around and in the edges of these clumps in ground of soft black 
mud and peat. Uca pugnax and U. minor are more abundant than U. pugi- 
lator, but compared to environment I there is apparently less variety of other 
marine life. Insects and terrestrial animals are more prevalent. 

Macgillivray’s seaside sparrows are equally numerous in either type of 
environment. Nests are placed throughout the S. patens complexes of both 
environments, and some in the edges of the Juncus clumps in II. The birds 
feed on both terrestrial and marine forms in all parts of their overall habitats, 
even entering shallow pools on the exposed beaches of the intertidal zone. 

Environment I 1s referred to as “sandy” because of the exposed sandy- 
mud. beach at low tide. Environment II is called “muddy” because of the 
lack of these exposed beaches and the deep mud of the marshes. Three dis- 
tinct local areas served as collecting stations in the “sandy” environment, and 
six in the “muddy.” Forty-one birds from environment I were examined and 
59 from environment II. In the first group, 21 were immature and 20 were 
adults. In environment II, 30 were immature and 29 adult, making a total 
of 51 immature and 49 adult birds for study. Immature birds are believed 
to yield more accurate infection data for the Beaufort region than the adults 
because of the latter having been exposed to infection in several areas during 
migration. 

Of the 100 hosts examined only two were free from worms, one immature 
bird from the “sandy” areas and one adult from the “muddy” areas. Of 
the infected birds, a total of nine species of trematodes, three species of ces- 
todes, two species of Acanthocephala and seven species of nematodes were 
identified. When figuring percentages of infection, allowance was made for 
double infections within each of the four groups. Total infections for the 
four groups of parasites are: Trematoda, 42%; Cestoda, 51%; Acantho- 
cephala, 839; and Nematoda, 59%. 


TREMATODA 


Species found.—-Prosthogonimus ovatus (Rudolphi, 1803) Lihe, 1899. Leucochlorid- 
ium beauforti Hunter & Vernberg, 1952. Gynaecotyla adunca (Linton, 1905) Yamaguti, 
1939. Pseudospelotrema ammospizae Hunter & Vernberg, 1953. Microbilharzia lari 
McLeod, 1937. Microphallus nicolli (Cable & Hunninen, 1940) Baer, 1943. Conspicu- 
um icteridorum Byrd & Denton, 1951. Levinseniella sp., Stiles & Hassall, 1901. Imma- 
ture echinostome. 

Forty-two (439%) of the infected birds carried trematodes. Of these, 18 
(44%) of all birds examined from environment I and 24 (41%) from envi- 
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ronment II carried members of this group. No environmental differences, 
therefore, were found. Immature birds, however, showed significant differ- 
ences when compared with adults in both environments. Fifty-two per cent 
of the immature birds from environment I and 50% from environment II 
carried trematodes in contrast to the adults where 35% from environment I 
and 31% from environment II were infected. Specifically, Prosthogonimus 
ovatus should be cited, in which 13 of the 15 hosts were immature. It is 
also of interest that P. ovatus was recovered from 10 (18%) of the infected 
birds from the “muddy” environment (Type II) while only 5 (12%) from 
the “sandy” environment (Type I) carried this worm. This fact may be 
correlated with the relatively greater abundance of insect larvae in environment 
II and carries the assumption that P. ovatus has a life cycle similar to that 
of P. macrorchis Macy, 1934. Most specimens of P. ovatus were present in 
the bursal region of the immature hosts; however, in the two infected adults, 
they were found in the rectum. Table I summarizes the data for all trem- 


atodes. 


CESTODA 


TasLeE I.—Summary of Data for all Trematode Infections 


No. of Birds 
Infected in 


Species Age of Hosts Environments 


Conspicuum icteridorum Adult 
Immature 
Gynaecotyla adunca Adult 
Immature 
Leucochloridium beauforti Adult 
Immature 
Microbilharzia lari Adult 
Immature 
Microphallus nicolli Adult 
Immature 
Prosthogonimus ovatus Adult 
Immature 
Levinseniella sp. Adult 
Immature 
Pseudospelotrema ammospizae Adult 
Immature 
Immature echinostome Adult 
Immature 
Unidentified Adult 


Immature 


Infected birds carrying trematodes = 43% 

Infection in environment I = 44% (Adults—35%) 
(Immatures—52% ) 

Infection in environment II = 41% (Adults—31%) 


(Immatures—50% ) 


Species found —Choanotaenia infundibulum Bloch, 1779. Hymenolepis sp., Wein- 
land, 1858. Ophryocotyle proteus Friis, 1870. 


Fifty-two per cent of the infected seaside sparrows carried cestodes. 
Eighteen (44%) from environment I and 33 (51%) of those from environ- 
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ment II were hosts for this group. Of the immatures, 10 (48%) from the 
“sandy” and 20 (67%) from the “muddy” environment were infected. Of 
the infected adults 8 (40%) were from environment I and 13 (45%) were 
from environment II. Environmental differences are more pronounced 
among the immature birds, and the greatest difference between the two age 
groups is also from the birds taken from environment II. 

Choanotaenia infundibulum was more prevalent than any other species of 
cestode. Its distribution data (Table II) is the opposite of that for the total 
group. However, the lack of agreement may be explained by the migratory 
habits of the adult hosts. The distribution of this worm in immature birds 
does coincide with the overall data. Proportionately more of the cestodes 
had to be classed with the unidentified species than members of any other 
group because of the rapid disintegration of the strobilae in dead hosts. 
Table II summarizes the data for all cestodes. 


TABLE II.—Summary of Data for all Cestode Infections 


No. of Birds 

Infected in 

Species Age of Hosts Environments 

I II 

Choanotaenia infundibulum Adult 8 4 
Immature 9 15 

Hymenolepis sp. Adult 2 - 
Immature l 

Ophryocotyle proteus Adult ra 2 
Immature 3 4 

Unidentified Adult - 7 
Immature = + 


Infected birds carrying cestodes = 52% 

Infection in environment I = 44% (Adults—40% ) 
(Immatures—48% ) 

Infection in environment II = 51% (Adults—45% ) 
(Immatures—67% ) 


ACANTHOCEPHALA 

Species found.—Mediorhynchus papillosus Van Cleave, 1916. Plagiorhynchus for- 
mosus Van Cleave, 1918. 

Eighty-seven per cent of the infected birds harbored Acanthocephala. 
Thirty-six (87%) of those birds from environment I and 47 (80%) of those 
from environment II were infected. The data presented in Table III shows 
no significant differences in amount of infection between the hosts of the 
different areas, or between the two age groups. Plagiorhynchus formosus was 
much more prevalent from the birds taken in “muddy” areas, environment 
II, whereas Mediorhynchus papillosus was the predominant form from the 
“sandy” areas, environment I. Double infections with these two species were 
more numerous from the “muddy” environment II, 7 being in immature 
hosts and 2 in adult hosts. There were only 14 double infections in envi- 
ronment I and these were equally divided between the two age groups as 
hosts. Table III summarizes all data for the Acanthocephala. 
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Tasie [1I]—Summary of Data for all Acanthocephala Infections 


No. of Birds 

Infected in 

Species Age of Hosts Environments 

I II 

Mediorhynchus papillosus Adult 6 16 
Immature 10 22 

Plagiorhynchus formosus Adult 9 6 
Immature 9 8 
Larvae Adult 3 ] 
Immature = 1 

Unidentified Adult - 2 
(Specimens lost in transit) Immature 2 ~ 


Infected birds with Acanthocephala = 87% 
Infection in environment I = 87% (Adults—85% ) 


(Immatures—9 1% ) 
Infection in environment II = 80% (Adults—79%) 
(Immatures—85% ) 


NEMATODES 


Species found.—Capillaria sp. (Zeder, 1800) Travassos, 1915. Diplotriaena sp. Rail- 
liet & Henry, 1909. Dispharynx spiralis (Molin, 1858) Skrjabin, 1916. Microtetrameres 
cruzi (Travassos, 1914) Travassos, 1915. Oxyspirura petrowi Skrjabin, 1929. Species 
inguirendo. 


Sixty-two per cent of all infected birds carried nematodes. Environmental 
differences are better shown for this class of helminths than for any other 
group studied. Birds from environment II were consistently more heavily 
infected than those taken from environment I. Nematodes were found in 
16 (39%) of the birds from environment I and in 43 (73%) of those from 
environment II. Of the immature hosts from environment I, 6 (299%) were 
infected compared to 19 (63%) from environment II. The adult infection 
was higher than that of the immatures for both environments. The adults 
may show effects of infection in outside areas, but the differences between 
environments is consistent with that of the immature hosts, where differences 
reflect purely local conditions. 

A new and undescribed nematode was present in the intestine of 17 of 
the seasides. Two immature birds were infected in environment I while 7 
immatures and 8 adults (total, 25%) were hosts for the species in environ- 
ment II. Until the description of this form is complete, it will be referred 
to as Species inquirendo. 

The eyeworm, Oxyspirura petrowi, was the most prevalent of all nema- 
todes. Thirteen (329°) of birds infected from environment I and 28 (47%) 
of those from environment II carried this worm under the conjunctiva of the 
eyelids. Adult infections were only slightly higher than those found in the 
immature birds in environment I. In environment II, 16 (55°) of the 
adults and 12 (40%) of the immature birds in environment II were infected. 

Microtetrameres cruzi, found in only three hosts, must be emphasized 
because of the apparent damage to its hosts’ tissues. Twenty-one worms 
were taken from the wall of the proventriculus of one bird and 6 from the 
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second. These two birds were from environment II and also from the same 
local area. One adult from environment I provided two specimens. These 
bright red worms were tightly coiled in the tissues of the wall of the proven- 


triculus and were the only parasites found which produced visible pathogenic 
effects. 


Worms listed in Table IV as Spiruroids could not be identified to species 
because no male specimens were available and the two females were imma- 
ture. The single Capillaria sp. was an incomplete specimen which prevented 
further classification. A single male and two immature females belonging to 
Diplotriaena sp. could not be completely classified. 


TasBLe IV.—Summary of Data for all Nematode Infections 


Infected in 
Species Age of Hosts Environments _ 


II 


Capillaria sp. Adult 
Immature 
Diplotriaena sp. Adult 
Immature 
Dispharynx spiralis Adult 
Immature 
Microtetrameres cruzi Adult 
Immature 
Oxyspirura petrowi Adult 
Immature 
Species inquirendo Adult 
Immature 
Spiruroid Adult 
Immature 
Unidentified Adult 


Immature 


Infected birds carrying nematodes — 62% 

Infection in environment I = 39% (Adults—50% ) 
(Immatures—29% ) 

Infection in environment II = 73% (Adults—83%) 
(Immatures—63 % ) 


SUMMARY 


A survey of helminth parasites of Macgillivray’s seaside sparrow, Ammo- 
spiza maritima macgillivraii (Audubon) from the vicinity of Beaufort, N. C. 
yielded new host records for nine species of trematodes, three of cestodes, two 
of Acanthocephala and seven of nematodes. 

Comparisons of each group of worms from birds from two different eco- 
logical environments and from immature and adult hosts were made. Differ- 
ences were not as great as expected between the rising shore, or driftline, and 
the flat, or non-driftline, types of environments. Immature birds carried a 
gteater infection of all worms except the nematodes which were much more 
prevalent in the adults. 

Infection in immature birds varied significantly in the two environments 
only in so far as cestodes and nematodes were concerned. It was impossible 
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to correlate differences in infections of adults because of their migratory 
habits. 

Acanthocephalan infections were the most numerous. Nematodes, ces- 
todes and trematodes, respectively, showed lower incidence in the total data. 
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On Regenerative Capacity of Earthworms 
of the Family Lumbricidae 


G. E. Gates 
251 Silver Road, Bangor, Maine 


Published records of regenerates at single transections, in one species, 
Eisenia foetida (Savigny) 1826, have been brought together in Tables, I, II 
of two recent articles (Gates, 1949, 1950). In this note, for the first time, 
there are brought together the records of single transection regeneration for 
other species of the same family. Also included are the records for Criodrilus 
lacuum Hoffmeister 1845 which has been, at various times, included in the 
Lumbricidae. 

Anterior regeneration by posterior substrates—Nearly all operations for 
which results have been published were in a region from 4/5 to 30/31 inclusive, 
as in the case of E. foetida. Regenerates at levels back to 15/16 inclusive or 
to 40/41 in case of C. lacuum, are included in the table herewith. 

In a region from 16/17 to 30/31 inclusive, regeneration was not obtained 
by Hescheler from any of his 54 operated individuals of four species: Al- 
lolobophora caliginosa (Savigny) 1826, A. terrestris (Savigny) 1826, E. 
foetida, Lumbricus rubellus Hoffmeister 1842 (see Hescheler, 1896, pp. 
234-235). 

For levels behind 30/31 there are records for four species. A. terrestris— 
Regenerates of unspecified nature, of 14 and “18-20” segments, at L19S 
and ca. L14S (12 unverletzten und 2 verletzten Segmenten,” Korschelt, 1897, 
p. 102 and 1898, p. 80 and p. 82, fig. 7) respectively. As the species may 
have as many as 200 segments, the levels could be 181/182 and 186/187 or 
anteriorly. L. rubellus—Regenerate of unspecified nature, of eight segments, 


Nores To Taste 


(i) That the pre-1900 regenerates listed here were actually cephalic is an assump- 
tion, but one with a very great probability of correctness. ; 

(ii) With metameric abnormality, or segmentation uncertain or indefinite. Inhibited 
growths, “kleine Knospe” and “unsegm. Knospe,” omitted. 

(iii) The substrate, in this case, according to the explanation of fig. 2 of pl. 14, 
apparently was of 48 original segments with an older posterior regenerate of 51 segments. 

(iv) Regenerates at 4/5 and 5/6 with little or no metameric differentiation omitted. 

(v) One, or two, regenerates at intrasegmental levels omitted. 

(vi) Cephalic regenerates of 5-6 segments at most, at levels 13/14 to 15/16, may 
have been secured in this species by Janda (1918, p. 520). 

(vii) At levels from 16/17 to 25/26, juveniles regenerated heads usually of 16 
segments in 9-13 days but adults regenerated much slower (Janda, 1926, p. 202). 

(viii) Head regeneration at levels 35/36 to 50/51 seems to be indicated by Janda 
(1926, p. 80). 

(ix) Maximum number of segments recorded in head regenerates, 25 (Janda, 1912, 
p. 560), but levels of regenerates of more than 17 segments apparently not specified. 

Species names in this contribution are those of the various authors but with changes 
necessary to conform to current nomenclatural practice. Any check of identifications of 


the various authors is of course now impossible. Hescheler’s suggestion of misidentifica- 
tion brought prompt denial. 
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at L48S (Korschelt, 1897, p. 93). As this species may have up to 120 seg- 
ments, the level could be 72/73 or anteriorly. Dendrobaena subrubicunda 
(Eisen) 1874—Regenerate of unspecified nature and without segmentation 
at ca. L1OS “(6 unverletzten und einem wenig verletzten Segment,” Kor- 
schelt, 1897, p. 103). The species may have 110 segments, so the level could 
have been in the region of 100/101. This (and idem, p. 101) is the only 
reference that has been found to regeneration in any species of the genus 
Dendrobaena. C. lacuum—Heteromorphic tails obtained at unspecified levels, 
“Qusserst selten” (Tirala, 1912, p. 529) may have been from fragments with 
two transections. Janda (1926, p. 429) noted that heteromorphic tails were 
never produced by juveniles, found them in adults “ausserst selten” (1930, 
p- 432), and also failed to indicate levels and whether the substrates involved 
were fragments with two transections. 

Posterior regeneration by anterior substrates—Few records of level of 
posterior regeneration have been found. A. terrestris—A regenerate of un- 
specified nature, with “10-12” indistinctly demarcated segments, at ca. 13/14 
(“11 unverletzte und zwei angeschnittene Segmente,” Korschelt, 1897, p. 
100). C. lacuum-—Tail regeneration, at 15/16, provided worms with nearly 
normal number of segments (Tirala, 1912, p. 539). Tail regeneration at 
16/17, in juveniles, also provided complete animals of normal length (Janda, 
1926, p. 430). One heteromorphic head, of 16 segments at 22/23 (1926, 
p- 450), as well as one each of 20 and 23 segments at unspecified levels, 
was obtained by Janda (1931, p. 150). 

In A. caliginosa and A. longa Ude 1885 homomorphic tails have been 
regenerated in the laboratory (at levels?). Specimens of both species with 
natural tail: regenerates (at levels?) have also been found. In species of 
Eiseniella regenerative capacity has been said to be high. No records of labora- 
tory regeneration have been found. Presumably reference was to frequent oc- 
currence of natural tail regenerates (at levels?) in collections. 


A single record for L. rubellus is of a natural regenerate at an unspecified 
level (Hescheler, 1896, p. 243). However, Zielinska (1909, p. 469) was un- 
able to obtain posterior regeneration in 29 specimens from which the last third 
had been amputated in June and October. There is one record for Allolo- 
bophora chlorotica (Savigny) 1826. It is of tail regeneration by an anterior 
“Hialfte,’ but only after nine months from time of autotomy (Hescheler, 
1896, p. 242). This species may have 125 segments. The level of regenera- 
tion may have been at or in front of 62/63. In at least one species of 
Octolasium some regeneration apparently is possible. 


L. terrestris L.—Regeneration buds of unspecified nature were formed 
by some anterior halves before his worms died according to Michel (1898, 
p. 264). More than that has not been recorded, numerous texts to the con- 
trary, for experimental animals (Evans, 1946, p. 98; Hescheler, 1896, p. 243; 
Liebmann, 1942, p. 380, in ca. 100 specimens at various unmentioned levels; 
Zielinska 1909, p. 469, in 15 specimens after amputation of the last third). 
Nor have any records of natural regeneration been found. Lumbricus sp.— 
Regeneration, presumably posteriorly, “of lost segments does not seem 
to occur” in two unnamed species of the genus, in addition to L. terrestris 
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(Evans, 1946, p. 98). 

Bimastos and Eophila—No records of regeneration, either experimental or 
natural, have been found for any species of these two genera. 

Posterior regeneration in A. terrestris (at unspecified postclitellar levels) 
is obtainable only in the period of summer diapause beginning in April, but 
not at all in winter according to Abeloos and Avel (1928, pp. 737-738). Pre- 
sumably reference was intended only to homomorphic regeneration. 

Discussion.—Studies of regeneration in earth worms, from 1742 to 1898, 
apparently were motivated mainly by an interest in the process as a method 
of reproduction. Total numbers of segments in regenerates and substrates were 
compared with numbers in normal adults (Korschelt, 1897) and it was con- 
cluded that, “the exposed surface tends to regenerate all the structures that lie 
in front of or behind it in the normal worm” (Morgan, 1897, p. 582). Im- 
plicit in those studies was an assumption that regenerates produced at anter- 
ior transections were cephalic and that those produced at posterior transec- 
tions were caudal. That such assumption might need verification seems not 
to have been recognized for some time, in spite of quite obvious similarities to 
tails shown in figures of various anterior regenerates. 

With rediscovery of anterior heteromorphism, in earthworms (Michel, 
1898; Morgan, 1899), interest in regeneration, rather surprisingly, seems to 
have waned. More than a quarter century passed before posterior hetero- 
morphism was recognized, in C. lacuum (Janda, 1926) and in a non-lum- 
bricid species (of Perionyx, Gates, 1927). Only very recently (Gates, 1949, 
1950) have the data of earlier work been reexamined with reference to those 
two types of heteromorphism and then only in one species, E. foetida. 

Meanwhile, results of some 1926-1927 experiments, only recently pub- 
lished (Gates, 1949, p. 135; 1950, p. 41), as well as others still unpublished, 
had indicated that a previous regeneration may have some effect on a sub- 
sequent regeneration. Although such effects may have been of little or 
no importance with reference to purpose of earlier investigators, definite 
presence of amputees and of previous regenerates in their experimental 
material should be born in mind in consideration of those results for other 
purposes (see, for instance, note iii in the table). 

Furthermore, other and later experiments showed quite definitely (Gates, 
1941, pp. 167-169) that in a species of Perionyx, regeneration at an anter- 
ior transection could drastically modify the morphological nature of a poster- 
ior regeneration simultaneously taking place on the same substrate. Such 
effects may not have been involved or significantly so, in earlier work on 
European species. Nevertheless, the debate in which Hescheler, Korscheit 
and his students Joest and Rievel, as well as Michel and Morgan were 
involved, and which led to a suggestion by Hescheler of misidentification 
of species, was confused by failure to discriminate between results of one- 
transection and simultaneous, two-level regeneration. 

Results of differences in preoperational handling, anesthesia, method of 
operation, postoperational care, etc., are difficult to estimate. However, no 
two investigators seem to have used the same techniques. Hescheler appears 
to have made his cuts transversely and usually at intersegmental levels. Kors- 


418 THE AMERICAN MIDLAND NATURALIST 50 (2) 


chelt’s amputations, at least in some of his most interesting cases, were 
diagonal, crossing several segments. Effects of exposure by a diagonal cut of 
a surface greater than that in a transverse cut at an intersegmental level, 
is still to be determined. Some investigators kept operated animals in inges- 
tible materials. Swallowing of any such material by anterior substrates can 
very seriously affect the outcome of certain experiments (Gates, in Ms). 

The maximum number of segments was four in Hescheler’s head re- 
generates (see note iii in the table). Six to eight segments (Carpenter, in 
Gates, 1949, p. 137, footnote), and even nine segments (Gates, 1949, p. 
135) have recently been reported in E. foetida. This provides some sup- 
port for opinions expressed long ago that conditions in Hescheler’s experi- 
ments were less than optimal. 

In the region behind 14/15 regeneration was obtained by Dimon and 
by Morgan, and even in both directions by the latter (in E. foetida). The 
negative results of Hescheler in the region of 15/16-30/31 were from experi- 
ments that averaged roughly to about one operation per level per species. 
Such negative results, obtained in less than optimal conditions, have been 
cited as evidence for existence in earthworms of a neutral region, ie., a 
region of no regenerative capacity. Existence of such a neutral region has 
been assumed in some recent morphogenetic researches and apparently with- 
out critical examination of the concept and supporting data or adequate 
testing in the laboratory, in one case apparently even without adequate con- 
trols. 

One hundred to 250 (450 in C. lacuum) clearly marked anteroposterior 
levels, according to species, are provided by the animals themselves in the 
forms that have been discussed. For one to fifteen only, of those numerous 
levels, again according to species, is direct information as to regeneration 
available. For just one single level, 13/14, in one species, A. terrestris, is 
there definite information as to regeneration in both directions, though the 
morphological nature of the posterior regenerate is unknown. Only one of 
the species herein considered, C. lacuum, is known to have both anterior and 
posterior heteromorphism, and even then the level of heteromorphic regen- 
ration is known for just one individual. With one exception (C. lacuum), 
the data available are quite insufficient to permit recognition of existence 
even of major morphogenetc regions such as seems to exist in E. foetida 
(Gates, 1950, pp. 429 and 435). 

Nevertheless such data as are available (summarized in Tables I, II of 
Gates 1949 and 1950, and on previous pages of the present contribution) 
seem to indicate interspecific variation in pattern of regenerative capacity. 
Thus, for instance, homomorphic tail regeneration may be possible as far 
forward as 13/14 in A. terrestris, forward only to 20/21 in E. foetida, but to 
15/16 in C. lacuum. Again, heteromorphic tail regeneration may be possible 
as far back as L14S in A. terrestris or L10S in D. subrubicunda but appar- 
ently back only to 54/55 (L72S) in E. foetida. More fundamental differ- 
ences apparently exist with reference to ability to regenerate posteriorly, 
ability to replace completely, lost portions including gonad segments, rela- 
tionships of regenerative capacity to diapause, etc. 
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Summary—The literature has been searched for records of single 
transection regenerations which are presented in text and table. In the Lum- 
bricidae, except in case of E. foetida, which had previously been con- 
sidered, the information available is insufficient even to permit recognition 
of existence of major morphogenetic regions. In C. lacuum alone have both 
anterior and posterior heteromorphism been recognized. The evidence does 
seem to indicate specific variation in minor as well as major aspects of pat- 
terns of regenerative capacity. Results of one-level and simultaneous two- 
level regeneration must be clearly distinguished. In view of the influence of 
a second regeneration taking place simultaneously, regenerative capacity in 


earthworms must be first determined from regenerations at single tran- 
sections. 
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Microdrili in Artificial Lakes in Northwest Arkansas 


David Causey 
University of Arkansas, Fayetteville 


In recent years a number of artificial lakes have been formed in northwest 
Arkansas by damming mountain valleys. Formed over rather poor, thin soil 
and with steep, bare shore lines, they start out and tend to remain oligotrophic. 
Forbes’ famous statement regarding the lake as a microcosm isolated and in- 
dependent of the surrounding land would scarcely apply to these lakes which 
are so dependent upon their watersheds for nutrient materials. With the 
exception of Lake Weddington, what little aquatic and emergent vegetation 
occurs in them tends to be found at the upper ends where the feeding streams 
enter. 

During the academic year 1950-51 a group of graduate students under the 
direction of Dr. Carl E. Hoffman made limnological studies of five such lakes 
in this area. The bottom samples were made available to me for a study of 
the microdrilian population. The limnological data presented in this paper 
have been largely supplied by Mr. Charles W. Nelson, a graduate student 
working under Dr. Hoffman’s direction. I am indebted to Dr. Hoffman for 


the bottom samples and permission to use Mr. Nelson’s tabulations of the 
data. 


Tasie I.—General data for lakes 


Maximum 
Lake Impounded Depth Surface Use of 
(in feet) in Acres Lake 
Fr. Smith 1936 525.5 Water supply 
Weddington 1937 81.5 Recreation 
Atalanta 1937 77.0 Water supply 


Fayetteville 1950 170.0 Water supply 
Hindsville 1950 Recreation 


Table I presents pertinent general data regarding the lakes studied. Lake 
Ft. Smith is the oldest and largest, with the largest water shed, and with 
limnological data available for over ten years. Lake Hindsville is the newest 
and at the time of the survey had not become filled to its ultimate capacity; 
limnologically it is scarcely more than a suddenly widened and deepened 

Taste II.—Physical characteristics of lakes 
Temperature (°C.) Surface Strati- 
Lake Surface Temperature (°C.) Overturn fication 
Highest Lowest Highest Lowest (1950) (1951) 
Fr. Smith 28.1 5.0 13.2 5.0 Nov. 25 
Weddington 2779 4.2 164 4.0 Nox. 
Atalanta 26.4 4.2 14.5 4.2 Nov. 7 
Fayetteville 28.7 31 72 3.1 Nov 9 


stream. Lake Weddington and Lake Atalanta are of the same age, but differ 
in the use made of them, recreation and water supply, respectively. Lake 
Fayetteville differs from Lake Hindsville very slightly in age, but has filled to 
capacity and has rapidly taken on the limnological aspects of a lake. Some 
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physical characteristics of the lakes are presented in table II, and some physi- 
cal and chemical data in table III. 


Tasve III.—Physical and chemical data (averages) 


Lake Transparency Nitrates Phosphates co, 0, bonates 
(in cm.) (ppm ) (ppm) (ppm) (ppm) pH (ppm) 


Ft. Smith 125.7 1.50 0.15 se | : 6.9 20.3 
4 55.0 
3 102.5 
8 7.5 52.0 


Weddington 246.0 0.86 0.07 2 
Atalanta 135.8 1.23 0.17 ze 
Fayetteville 122.0 1.02 0.19 2. 


Methods.—The bottom samples available for investigation were distributed 
as follows: Lake Ft. Smith, 88 samples; Lake Atalanta, 73 samples, Lake 
Fayetteville, 56 samples; Lake Weddington, 51 samples; and Lake Hindsville, 
28 samples. With one or two exceptions, these were taken between June 
1950 and June 1951. Each was the bottom material obtained from one- 
fourth of a square foot of area taken with an Ekman dredge, screened through 
a 40 mesh screen, killed in 5% formalin, and preserved in 70% alcohol. 
In this study such samples were spread in the half of a Petri dish, examined 
under the broadfield microscope and representative worms taken, stained in 
borax carmine and mounted, a total of 696 worms being so prepared. With 
few exceptions, e.g., Branchiura and Stylaria, identification of unprepared 
specimens was found too uncertain to rely upon, and only Branchiura is here 
reported (in a few cases) without having been confirmed by a stained prepara- 
tion. The microdrili are a notoriously troublesome group to work with, and 
this material as received was not ideal. Many specimens were incomplete, 


TasLe IV.—Summary of bottom organisms in Ft. Smith. (averages of 1/7 sq. ft. samples) 


Number of 
Organisms 


® | of Organisms 
Others* 
(%) 


| Oligochaetes 


(%) 
© Larvae (%) 


Volume (c.c.) 
© \Larvae (%) 
Pelecypoda 


2 | Chaoborus 


Meters 


N 


© | Depth in 


Trash 


N 


NI 
o 
w 
bo 


5-10 Mud and 
Trash 
10-15 Mud with 16,999 39.0 
Trash 
15-20 Mud ‘ 16,022 97.0 1.0 2.0 0.0 «600 8 0.0 


* Hydras, nematodes, amphipods, etc. P—present. 


ao ® N Chironomus 


0.0 


and often the setal ends were broken away or eroded. In response to my 
ctiticisms regarding the condition of the material, Mr. Nelson brought me 
bottom samples as obtained, and I confess I was unable to improve upon the 
method. 

Table IV presents the general picture of the bottom organisms for Lake 
Ft. Smith. In general the number of worms per bottom sample varied from 
none to several hundred and, as will be indicated, varied specifically accord- 
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ing to depth. A quantitative analysis of the samples, with actual identification 
of every specimen of each bottom sample for a year’s run from a lake such as 
Ft. Smith would involve years of work and was not attempted. 


TasLe V.—Distribution of Microdrili in lakes 


Number of samples in which genera indicated were present 


Fr. Smith 
Weddington 
Atalanta 


Fayetteville 
Hindsville 


Dero 
| Pristina 
SIN O00 | Stylaria 
Branchiura 
Tubifex 


l 


F 
|Limnodrilus 


| 


SYSTEMIC AND BIOLOGICAL 
NAIDIDAE 


Dero obtusa.—This species has appeared in only the youngest lakes, Fayetteville and 
Hindsville, and in four bottom samples from each lake. In Lake Hindsville it was con- 
fined to the first two meters with one exception, when it was found at 6 meters of depth. 
In Lake Fayetteville it was found at from 1 to 12 meters of depth. Combining the data 
for the two lakes, it was present in October and November of 1950, and in March, 
April, May and June of 1951. I regard it as a stream species which has washed in and 
which has maintained itself during this interval. 

Of eighteen specimens mounted and examined, 5 showed fission zones and one was a 
portion broken away from a fission zone. Fission was present in specimens collected in 
April, May, and October. Depth is not a factor, as specimens from 1 to 11 meters 
showed fission zones. No trace of sex organs was found. 

Nais elinguis.—This species has appeared in all the lakes examined, but irregularly in 
three of them. In Lake Ft. Smith it appeared in July of 1950 at a depth of 15 meters, 
and in August at 6 meters. In Lake Atalanta it also appeared twice, in July at 4 meters 
and in November (1950) at 3 meters. In Lake Weddington there were three appear- 
ances, late September, October, and at the end of November (1950), all at from 3 to 4 
meters of depth. It was found to be commonly present in Lakes Fayetteville and Hinds- 
ville in every month of the year from June 1950 to June 1951, and at all depths from 
1 meter to 7 meters. 

A study of 103 specimens from the combined lakes disclosed 17 specimens with 
fission zones, and from all months except January, June, and August. It probably repro- 
duces asexually the year round. Traces of sexual organs were found in 3 specimens from 
two lakes, Weddington and Fayetteville, and all were from June samples. Apparently 
there is no depth limitation to the reproductive activities, two specimens showing traces 
of sex organs coming from 1 meter of depth and one specimen from 11 meters, while 
specimens with fission zones were found in samples from 1 meter to 11 meters of depth. 

Pristina aequiseta.—I assign certain of the specimens to this species with considerable 
hesitation. They are often fragmentary and badly preserved, appear abnormal, with setae 
much more delicate than usually found, and possibly represent a variety or a response 
to different conditions. Miss Sperber (1948) does not recognize any varieties. 

The species is lacking in Lakes Hindsville and Weddington, and is sparsely present 
in the others. Apparently they are present the year round only in Lake Fayetteville, 
where they occurred in July and November of 1950, and January and May of 1951. In 
Lake Atalanta they occurred only in July, 1950, while in Lake Ft. Smith they were 
present in June, July, and October of 1950. They ranged in depth from 2 meters to 
1114 meters, most being above the 10 meter depth. 

Of twenty-two specimens mounted, only one from Lake Ft. Smith of the June 21, 
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1950 sample from 8 meters of depth showed traces of sex organs. None showed any indi- 
cation of asexual fission. 

Stylaria lacustris—Like Dero, this species has appeared only in the two youngest 
lakes, Fayetteville and Hindsville. Only two bottom samples from Lake Fayetteville 
showed the species, and 7 samples from Lake Hindsville. None was found deeper than 
5 meters and that in a single sample, the rest were all within the two meter level. They 
occurred in April and May of 1951 in Lake Fayetteville and from March to July in Lake 
Hindsville. Of a total of 43 specimens mounted, only one was not in some stage of 
fission, two had been broken away from fission zones, and the rest contained fission zones. 
No indication of sex organs was found. I regard this species as a stream form which 
has washed in, as with Dero, and probably less capable of maintaining itself under the 
lake conditions. 


TUBIFICIDAE 


Branchiura sowerby.—This gill-bearing form, first reported by Spencer (1932) for 
America, was the surprise of the investigation. It occurred only in Lakes Atalanta and 
Ft. Smith, and is common in the shallow areas of both lakes throughout the year. Al! 
but one record were within the first 7 meters of depth, and only six of 28 records were 
below 5 meters of depth. Some bottom samples were practically pure masses of the 
worms, ranging up to several hundred specimens per one-fourth square foot of area. 

No trace of reproductive organs was found in any of the 52 specimens prepared 
from the two lakes. Since specimens were mounted primarily for identification purposes, 
and this one is readily recognized by its many gills, it is probable that there was an 
unconscious selection of the smaller ones, and that a more thorough investigation would 
show reproductive forms. 

Limnodrilus claparedianus—This common tubificid was present in all the lakes at 
some time. In Lakes Atalanta, Fayetteville, and Ft. Smith it was found throughout the 
year and at all bottom depths from 2 meters to 21 meters. It was, however, present in 
Lake Weddington just six times, in July, August, October, and November of 1950, and 
apparently has not reappeared. It occurred in Lake Hindsville only in the last two col- 
lections in June of 1951, within the first meter only, and I think that it had just arrived 
there when the collections came to an end. 

Inspection of 382 mounted specimens revealed 25 with penial tubes, most of which 
were fully developed. In such a protandrous form the penial tube represents the halfway 
point in sexual reproduction. This indicates that some 13% of the worms were sexually 
mature. These sexual stages appear at all depths in the lakes and in every month of the 
year. More. were found from the months of October, 1950 and May, 1951, but the 
number involved is too small to be significant. A few of the worms showed two tubes 
each, and one specimen had a tube protruded. 

Tubifex tubifex—This appears to be a common species in the well established lakes. 
It was not found in Lake Hindsville, was barely represented in Lake Fayetteville, but 
appears to be well established in Lakes Atalanta, Ft. Smith, and Weddington. In the 
two younger lakes it appears to be restricted to approximately the first 5 meters of depth, 
with few exceptions, whereas in the older Lake Ft. Smith it is found as far down as 13 
meters of depth. 

Out of 83 mounted specimens examined 53 showed recognizable sex organs in some 
stage of development. Combining all lakes, sexual specimens were present in each month 
of the year, and at all depths from 1 to 13 meters. Specimens from the same bottom 
sample tended to be in the same stage of development. 


LUMBRICULIDAE 


Lumbriculus inconstans—A single specimen of this species appeared in a bottom 
sample from Lake Atalanta, April 24, 1951, from a depth of 10 meters. 

Five specimens of Lumbriculidae, all from Lake Fayetteville, from June to August, 
1951, and all from within the first 3 meters of depth. They are all immature and I am 
unable to assign them to a genus. They are not L. inconstans. 

Megadrili—A few immature specimens of Diplocardia sp. were found in a bottom 
sample from Lake Atalanta, May 8, 1951. They must have washed in from the nearby 
shore. 
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DISCUSSION 


The microdrili show a type of stratification: in a general way the Naididae 
are on the more shallow bottom (0-5 meters) with a few specimens occasion- 
ally found deeper, while the Tubificidae are to be found from the shoreline 
to the deepest portions of these lakes Branchiura is an exception, being con- 
fined mostly to the firs: 5 meters of bottom depth. Possibly this is to be 
correlated with the presence of gills in this form. Certain of the Naididae, 
e.g. Dero and Stylaria, appeared in the shallow portions of the two youngest 
lakes and were not found in the older lakes, and the Nais, while appearing in 
all the lakes, was irregularly present in the older lakes and continuously 
present only in the two youngest. This suggests that either they are being 
washed into the two young lakes and survive for some time, or more probably, 
that they can exist in the new lakes until the more stable lake conditions are 
achieved. Pristina is a marked exception to these statements for the Naididae, 
being absent in two lakes, one new and the other old, and irregular in its 
appearance in the others. 

The Tubificidae appear to be more characteristic of the older lakes. 
Branchiura was not present in the two youngest lakes, was well established in 
Lakes Atalanta and Ft. Smith, but not present in Lake Weddington, an older 
lake. Tubifex was not found in the youngest lake, apparently only occasion- 
ally present in Lake Fayetteville, and well established in the older lakes. 
Limnodrilus was well established in all the older lakes except Lake Wedding- 
ton, also well established in a new lake, Fayetteville, and apparently was just 
appearing in the youngest lake when the collections were discontinued. 

The microdrili appear not to have been a major point of interest with 
limnologists in general (Eggleton, 1939). Moore (1939) gives a list of one 
of the Aeolosomatidae and 7 species of Naididae and the depths at which 
they were found. These suggest a stratification confined to the more shallow 
portions of Douglas Lake. The absence of Aeolosomatide in the Arkansas 
samples is probably due to the use of the Ekman dredge instead of the ooze 
sucker and the vertical core sampler used by Moore. They are common in 
our streams and ponds. 

A rough quantitative relationship between the lakes is indicated in table 
V, derived from an analysis of the presence of the several species found at 
the various depths. The dominance of the oligochaetes in the bottom fauna 
is well indicated in table IV, where they make up from 69% to 97% of the 
organisms present in Lake Ft. Smith. According to Mr. Nelson, the total 
number of organisms in 84 bottom samples from Lake Ft. Smith in a year’s 
investigation totaled 45,205, and of these 39,162 were oligochaetes. So far 
as present knowledge of this series of lakes is concerned, organic matter 
appearing may well end up in an oligochaete blind alley. Their intestinal 
contents show diatoms and rhizopoda. Their associates, the insect larvae and 
the molluscs appear not to utilize them, and Dr. Hoffman informs me that 
the oligochaetes are rarely found in fish stomachs from these lakes. 


SUMMARY 


The following microdrili were found in artificial lakes in N.W. Arkansas. 
—Nardidae: Dero obtusa, Nais elinguis, Pristina aequiseta, and Stylaria lacus- 
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tris. Tubificidae: Branchiura sowerbyi, Limnodrilus claparedianus, and Tubi- 
fex tubifex. Lumbriculidae: Lumbriculus inconstans and a few of the family 
not assigned to any genus. 

The distribution of the several species according to depth throughout the 
year is given, and the presence or absence of reproductivity is recorded. 

Some limnological data for the lakes are given. 
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Morphology and Developmental Stages of Piona 
linguaplax n. sp. (Hydracarina:Pionidae) 
a Water-mite from North Carolina 


Robert M. Crowell 
College of Wooster, Wooster, Ohio 


Collections of water-mites made in January, 1950, and during February, 
March and April, 1951, have yielded numerous specimens which appear to be 
new species of the genus Piona (sensu strictu). For this new species the 
name Piona linguaplax (L. lingua = tongue, Gr. plax = plate) is proposed, 
in reference to its most distinctive character, a pair of tongue-shaped genital 
plates extending laterally from the genital orifice. 

The genus Piona Koch, 1842, contains numerous species and is of world 
wide distribution. Wolcott (1901) listed 19 species from North America. 
Several papers by Marshall have added 11 to the number of North American 
species. 

Members of this genus can be recognized by the presence of prominent 
posterior projections from the fourth epimera, in combination with certain 
other characteristics. In males these projections are somewhat hidden under 
the genital plates. The palpi possess one or more (usually two) seta-bearing 
papillae on the flexor surface of segment four. Most outstanding character- 
istics of the genus are the remarkable modifications of legs III and IV in the 
male. Segment III-6 of the male is shortened, flattened, and somewhat 
truncate in shape, presumably adapted to serve as an intromittent organ for 
the transfer of sperm (Wolcott, 1901). Segment IV-4 of the male bears on 
its posterior side a deep excavation provided with blunt, spinelike processes 
by means of which the anterior legs of the female are grasped during mating. 

All the specimens of this new Piona in the writer’s collection were taken 
from a temporary pond in Plot 63, Durham Division, Duke Forest, Dur- 
ham County, North Carolina. This pond was visited at irregular intervals 
of approximately two weeks each from 16 July, 1949 to 24 April, 1951. 
Piona linguaplax was collected only between 14-31 January, 1950, and 14 
February-7 April, 1951. This form was taken by dipping, principally in and 
around clumps of pond vegetation. From cultures of pond debris observed 
in the laboratory over a period of several weeks, the pre-adult stages, includ- 
ing attached larvae, ot Piona linguaplax have been recovered. 
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Piona linguaplax n. sp. 


Description —The following description is based on materials selected from the above 
collections, plus immature stages reared in the laboratory. Entire and dissected specimens 
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have been mounted in Hoyer’s mounting medium (Hoyer, 1882) and examined by 
phase-contrast microscopy. 

Adult 2 (Figs. 1-4): Adult females of the type series average 1.002 mm. (1.170 to 
0.819 mm.) in length, by 0.929 mm. (1.080 to 0.780 mm.) in width after mounting. 
The integument of the living mites is transparent and a pale red-orange color (5.0 YR 


20% 009%) 


Figs. 1-12. Piona linguaplax, n. sp—I1l. Ventral surface; 2. Rt. chelicera, medial 
surface; 3. Rt. chelicera, lateral surface; 4. Rt. palpus, medial surface; 5. Ventral epimera 
and genital field; 6. Rt. palpus, medial surface; 7. Aedeagus; 8. Leg III, segment 6; 
9. Leg IV, segment 4; 10. Nymph. Ventral epimera and provisional genitalia; 11. 
Nymph. Left palpus, lateral surface; 12. Larva. Ventral surface. 
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8/4 of Munsell, 1929). The legs of living specimens are generally a bright red-orange 
color (7.5 R 5/12 of Munsell, 1929). The pattern of markings visible in dorsal aspect 
appears to be due to the color of the viscera which shows through the integument. Two 
broad longitudinal black bands are apparent when viewed dorsally. In most specimens 
these seem to be joined anteriorly by a transverse band of about the same width. Be- 
tween these bands there is frequently accumulated a mass of whitish material, the ante- 
rior end of which is slightly expanded laterally forming a short-pronged Y; this is 
probably of excretory origin. 

The ventral epimera (Fig. 1) of the females are arranged in four groups of two 
each. The anterior pair of epimera bear prominent anchoral processes directed posteriorly 
reaching in some individuals beneath the third epimera. The second epimera lie postero- 
lateral to the first epimera, from which they are separated by complete sutures. Concav- 
ities in the postero-lateral border of the second epimera contain large gland-pores, each 
with a seta situated medially from the pore. The posterior groups of epimera are sep- 
arated from the anterior groups by a distance equal to approximately one-half the width 
of the second epimera. The third epimera are separated from the fourth epimera by a 
suture which is incomplete medially. The postero-lateral corner of each fourth epimera 
is arranged in the form of a rigid dorsal arch over the point of attachment of the fourth 
legs. The fourth epimera bear prominent posterior projections, which, together with the 
medial margins of the third and fourth epimera, partially enclose a V-shaped genital 
area. The distribution of setae on the ventral epimera is symmetrical and constant 
among individuals as shown in Fig. 1. Gland pores, each with an accompanying seta, 
are arranged in two pairs between the fourth epimera and the genital plates. 

The external genitalia of the females consist of a slit-like genital orifice and a pair 
of genital plates. The genital orifice is in a median-ventral line. Its anterior end lies 
between the third epimera, its posterior end between the genital plates. The genital 
plates are distinctively tongue-shaped; those of the holotype each bears 53 acetabula. At 
the medial ends of the genital plates are five setae. This number seems to be constant 
among individuals, but their arrangement is somewhat variable. 

The anal plate (Fig. 1) lies a variable distance behind the genital orifice and 1s 
flanked by two pairs of gland-pores accompanied by setae, two pairs of unspecialized 
setae, and a pair of small plates of undetermined function. 

A broad, flat, shield-shaped plate with a pair of spatulate anterior projections lies 
ventral to the chelicerae. Hydrachnologists have called this the “maxillary plate.” 
Since maxillae are considered wanting in the Acarina, it is proposed that this be termed 
the “gnathosomal plate.” 

Each chelicera (Figs. 2, 3) is two-segmented, consisting of a proximal cylindrical 
segment and a distal sickle-shaped segment. A row of serrations is apparent on the 
medial surface of the distal segment. 

The basal segment (trochanter) of the pedipalpi (Fig. 4) is not enlarged as it is in 
many pionas. The palpal femur (P-2) bears dorsally two pairs of setae, the distal pair 
of which is longer. The genu (P-3) bears dorsally one pair of setae. The proximal 
third of these setae possess overlapping scales. A long, fine seta arises from the lateral 
surface of this segment. The tibia (P-4) bears on its flexor surface a fine, short seta 
arising from a very slightly elevated papilla. Dorsally, at the distal end of this segment 
is another fine, short seta. The distal end of the terminal segment is formed into four 
or five minute papillae near which arise two very fine setae. 

Adult & (Figs. 5-9).—Males of P. linguaplax are smaller in size than females. 
The males are outnumbered by the females by approximately 14:1 in the writer’s collec- 
tion. Three complete males average 0.717 mm. in length (0.715 to 0.728 mm.) by 


0.622 mm. in width (0.608 to 0.650 mm.). Color and markings are not significantly 
different from the females. 


As in the females, the ventral epimera (Fig. 5) are arranged in four groups of two 
each. Anchoral processes from the posterior tips of the first epimera are well hidden 
under the tips of the second epimera and extend under the third epimera. The second 
epimera of the male are closely apposed to the third epimera, whereas in the female 
they are distinctly separated. Posterior processes from the fourth epimera are not as 
extensive in the male as in the female. Those of the male extend under the genital plates, 
which are much closer to the epimera in the male than in the female. The medial pair 
of two pairs of gland-pores situated between the genital plates and the epimera is on 
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Fig. 13.—Larva of Piona linguaplax attached to midge (Tendipedidae: 
Polypedilum sp.). One mite in situ, one displaced in mounting. 
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small plates joined to the fourth epimera. The pattern of setal distribution differs only 
slightly from the female. Only three setae are present on each first epimeron in the 
male as compared to five in the female. A pair of fine setae situated on the postero- 
medial angle of the fourth epimera of the female is wanting in the male. 

External genitalia of the male consist of an ovate genital aperture flanked by, and 
fused with, a pair of tongue-shaped genital plates extending laterally. In the allotype 
male these genital plates bear 51 and 53 acetabula. The medial ends of the genital 
plates bear five setae variously arranged. Just within the genital orifice is an anchor- 
shaped aedeagus. 

The highly modified leg segment IV-4 (Fig. 9) bears a number of stout, blunt 
spines in a deep excavation on its posterior surface. One unmodified seta is also present 
in this excavation, and a number of setae of varying lengths are present distal to the 
excavation. Segment III-6 is shorter than other terminal leg segments of the male, and 
considerably broader. It is flattened, slightly truncate and provided with relatively short, 
fine setae. It is by means of this modified segment that sperm masses are thought to be 
transferred from the genital orifice of the male to the genital orifice of the female 
(Wolcott, 1901; Marshall, 1929). 

The palpi of males (Fig. 6) differ only slightly but distinctively from the palpi of 
females. Two pairs of setae on the palpal femur (P-2) are both short and of the same 
length, whereas in the female the distal pair is longer. Setae of the male palpal genu 
(P-3) are similar in number, distribution and kind to those of the female. The male 
palpal tibia (P-4) possesses setae similar to those of the female, and in addition a prom- 
ment, blunt papilla on its flexor surface. The palpal tarsus (P-5) of the male is similar 
to that of the female; its terminus, however, is more acute. 

Nymph (Figs. 10, 11).—Three nymphs of P. linguaplax have been recovered from 
cultures of pond debris collected at the type locality on 14 January, 1950. Two of these 
averaged 0.341 mm. (0.306 to 0.377 mm.) in length by 0.289 mm. (0.254 to 0.325 
mm.) in width. The color of living nymphs is somewhat paler than that of the adults. 

The ventral epimera in the nymph, as in the adults, are arranged in four groups of 
two each. The suture which separates the first and second epimera is incomplete. A 
suture line between the third and fourth epimera is complete. The setae of the ventral 
epimera are fewer in number than those of adults, but it is possible to recognize by posi- 
tion certain setae which are retained in the adult, and others which are lost in the adults. 
A pair situated at the postero-medial angle of the fourth epimera in the nymph is 
retained in the adult female and lost in the adult male. 

The provisional genitalia are in the form of two tongue-shaped plates joined medially 
and projecting into the inter-epimeral area. Two pairs of setae are present near the 
medial junction of the genital plates. 

The palpi of the nymph are relatively longer than the palpi of either adult. Palpal 
setae are fewer in number in the nymph than in the adults. The long lateral seta on the 
palpal genu (P-3) of both sexes is recognizable in the same position in the nymph. 

Larva (Fig. 12).—Numerous larvae have hatched in the laboratory from eggs laid 
by gravid females collected in the field. Those of the type series average 0.288 mm. 
(0.280 to 0.299 mm.) in length by 0.226 mm. (0.195 to 0.247 mm.) in width. The 
body of the larvae is almost completely sclerotized, there being soft integument only at 
the posterior end and the antero-lateral borders of the body, plus a narrow strip ventrally 
between the epimera. The anterior ventral epimera are separated from the second epimera 
by a complete suture. Sutures separating the second epimera from the third are incom- 
plete medially. Differentiation of the third and fourth epimera has not occurred in the 
larva. The epimeral setae are few in number and seem to be constant in distribution 
among individuals. Numerous setae arising from the posterior end of the larva are 
constant in number but slightly variable in position among individuals. 

From cultures of pond debris, midges of the family Tendipedidae (Polypedilum sp.) 
infested with larvae of Piona linguaplax have been recovered (Fig. 13). The temporal 
relationships of the mites and their host have not been determined. Experimental attempts 
to infest laboratory-reared mosquitoes (Aedes aegypti and Culex sp.) with larvae of this 
species have been unsuccessful. 

Eggs (Fig. 14).—Eggs of P. linguaplax have been taken in the field and have 
been laid in rearing dishes in the laboratory by collected females. They may be laid 
singly or in masses up to 18 eggs. Generally they have been affixed to leaflets of 
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Fig. 14.—Egg mass of Piona linguaplax affixed to leaflets of sphagnum. 


sphagnum or grasses or to the sides and bottom of the rearing dishes. Newly deposited 
eggs measure 0.17 mm. in diameter and are each surrounded by a gelatinous capsule 
measuring 0.272 to 0.306 mm. in diameter. These capsules adhere tightly to each other 
in masses of eggs. The color of newly deposited eggs is bright red-orange (7.5 R 5/12 
of Munsell, 1929). Older eggs are paler in color and have larger gelatinous capsules. 

The time required for first larvae to hatch from eight different masses of laboratory- 
hatched eggs varied from five to 13 days, with an average of 9.5 days. 


DiIscussION 

Piona linguaplax is readily distinguishable from most other members of 
the genus in possessing genital plates of a characteristically elongate tongue- 
shape and of greater extent. P. longipalpis (Krendowsky, 1884) possesses 
genital plates of similar extent, which differ, however, in shape. Acetabula on 
the genital plates of P. longipalpis are numerous but differ from P. linguaplax 
in that two on each plate are much larger than others. Segment P-4 of 
females of P. /ongipalpis bears two long papillae, while none is present on P-4 
of females of P. linguaplax. 

P. linguaplax bears resemblance to P. carnea (Koch, 1836), P. crassa 
(Wolcott, 1901) and P. americana (Marshall, 1929) but can be differen- 
tiated from these forms. P. linguaplax differs significantly from specimens of 
P. carnea in the form and extent of the genital plates, and in the number of 
acetabula present on those plates, there being fewer in P. carnea. The palpi 
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of females of P. carnea bear more dorsal setae. P-4 bears two setae on its 
flexor surface as compared to one in P. linguaplax. The female genital plates 
of P. crassa are very similar to those of female P. linguaplax, but males of 
these two species differ in that respect. Both sexes differ in the form of the 
palpi, those of P. crassa being shorter and thicker than in P. linguaplax. P. 
crassa also differs in possessing a median dorsal plate not seen in P. lingua- 
plax. The new species differs from specimens of P. americana in the shape 
of its genital plates and in the number of acetabula thereon, there being many 
more in P. linguaplax. Segment P-4 of P. americana bears three setae on its 
flexor surface as compared to one in P. linguaplax. A further significant 
difference is in the provisional genitalia of the nymphs of the two species. 
That of P. linguaplax resembles its adult form much more than that of P. 
americana. 
Deposition OF MATERIAL 

Type material_—Types will be deposited as follows: Holotype female, allotype male 

and paratype female, male, nymph and larva in the Chicago Natural History Museum; 


paratypes of female, male, nymph and larva in the United States National Museum and 
in the writer’s collection; paratype female, male, and larva in the Duke University 
acarology collections. 
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The Anatomy of the Feeding Apparatus of 
Megisthanus floridanus Banks, 1904, 
a Large Mesostigmatid Mite* 


Flora Gorirossi and G. W. Wharton 
University of Maryland, College Park 


The anatomy of the gnathosoma or feeding apparatus of a few mites and 
ticks has been determined. However, the comparative anatomy of the 
gnathosoma of the mites has not yet been attempted in detail even within a 
single suborder. Currently, a comparative study of the anatomy of the 
gnathosoma of the Mesostigmata, one of the suborders of mites, is being 
undertaken. In order to obtain a satisfactory foundation on which such a 
study could be based, it was first necessary to become familiar with the struc- 
tures found in several different types of mesostigmatids. 

Previous detailed studies of the gnathosoma of the mesostigmatids have 
been primarily concerned with only one phyletic line, the Gamasides (Wink- 
ler 1886, Borner 1902, Stanley 1931, Hughes 1949, Gorirossi 1950). How- 
ever, Oudemans (1928) reported in more than usual detail on the mouth 
parts of some of the Celaenopsina and Fedrizziina. Mites of six other phyletic 
lines of the Mesostigmata were therefore studied. Once familiarity with the 
modifications to be found within the mesostigmatid gnathosoma had been 
achieved, it became necessary to describe clearly one of the forms in such a 
way that the description would lend itself readily to comparison with other 
forms. Particular attention was given to the problem of naming the various 
elements that make up the gnathosoma so that only structures common to 
most of the mesostigmatids would receive names. The present description 
is the result of these studies. It is, however, restricted to an account of the 
gnathosoma of M. floridanus. 

Snodgrass (1948), Hughes (1949), and Gorirossi (1950) summarized 
the literature concerned with the gnathosoma of mesostigmatid mites and 
related suborders of the Acarina. Hughes presents a table of terms employed 
by various authors in describing the mouth parts of the Arachnida. In the 
discussion that follows the description of the gnathosoma of M. floridanus, 
the terminology adopted here will be compared with the terminology of other 
authors. 

METHODS AND PROCEDURE 


Specimens of Megisthanus floridanus were found in the Duke Forest. 
Collections of the passalid beetle, on which this mite is found, were brought 
into the laboratory in large quantities. Each beetle was examined microscopi- 
cally. The mites were then killed instantly with different fixatives. Studies 
were made from whole mounts, dissections and from histological sections. 

Whole mounts—Whole mounts of both males and females were made. 
The mites were first killed in boiling 70% or 80% alcohol. Some were 
mounted ventral side up and others dorsal side up. The mounting medium 
used was Hoyer’s solution. The mites were cleared by heating the mount- 


* This project was supported by ONR Contract N 7-ONR-45506 at Duke Univer- 
sity, Durham, N. C. 
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ing medium after the preparation was made. Whole mounts are valuable for 
studying the relationship of the gnathosoma to the idiosoma of the mite. 

Sectioning —Mites to be sectioned were killed in hot Bouin’s solution. 
They remained in Bouins for at least 24 hours. After thoroughly washing 
the fixed specimens with 70% alcohol, they were placed in a mixture of 30% 
water, 50% ethyl alcohol, and 20% butyl alcohol; two changes of this mix- 
ture were made at half hour intervals. Dehydration was subsequently accom- 
plished by immersing the specimens for a half hour in the following series: 
15% water, 50% ethyl, 35% butyl; 5% water, 40% ethyl, 55% butyl; 25% 
ethyl, 75° butyl and finally absolute butyl alcohol. Specimens were then 
placed in fresh absolute butyl alcohol for an additional hour. 

After complete dehydration the mites were transferred to a mush of 14 
absolute butyl alcohol and paraffin (51.6-52.8° C melting point) and placed 
in a paraffin oven over night. Butyl alcohol rises to the surface of the mixture 
and by decanting ali but the fluid immediately surrounding the mite the 
greater portion of the alcohol was eliminated. Fresh paraffin was then added 
and the vial returned to the oven for one hour. The process was repeated 
until no odor of butyl alcohol could be detected. Three changes were usually 
required to eliminate all of the alcohol. The last paraffin change was used 
for embedding. The mite was oriented in the proper position for sectioning 
by using heated dissecting needles. The preparation was then placed in a 
cold water bath. 

Horizontal, frontal and transverse serial sections, from 8-10 microns in 
thickness were made. The sections were stained with hemotoxylin and coun- 
ter stained with eosin. From such serial sections the arrangement and rela- 
tionship of parts can be traced. 

Dissection.—Mites for dissection were killed in 70% or 80% boiling 
alcohol and left in the alcohol for approximately a week. This procedure 
softened the exoskeleton. Needles were made by fitting fine minuten Nadlens 
securely into one end of an applicator stick. The ends of the needles were 
then ground to different shapes on a whetstone. A spatulate needle was 
used for lifting large structures such as the tectum from its attachment while 
a pointed needle was used for lifting and removing such small structures as 
the epipharynx. To dissect M. floridanus the gnathosoma was first removed 
from the idiosoma and the gnathosoma pinned to a wax-filled watch glass. 
The preparation was then covered with 80% alcohol. Using a high power 
dissection scope a systematic procedure of dissection was followed. First the 
dorsal surface of the gnathosoma was cut away and mounted in Hoyer’s solu- 
tion on a glass slide. As each successive structure was revealed by the dis- 
section, it was mounted upon a slide or placed into a vial of 80% alcohol. 
The process of dissection was stopped at various levels and the preparation 
mounted for study. In most dissections of the gnathosoma, all the gnatho- 
somal parts were dissected and mounted under a single cover slip. The gross 
anatomy of the parts as well as their relationships can be determined from 
such preparations. 

RESULTS 


Habits —Mesisthanus floridanus Banks (1904) is a large, heavily ar- 
moured, oval mite that is found associated with the common passalus beetle 
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Popilius disjunctus Illiger. Passalus lives in burrows in rotting oak logs in 
more or less a closed system. The ecology of the beetle has been studied by 
Pearse et al. (1936) and others. Despite these studies, little is really known 
of the economy of the numerous animals associated with the beetles, let alone 
those associated primarily with its burrows. Only the adults of M. floridanus 
are known. These have been found only on the beetles. They usually occur 
in pairs and are commonly seen on the ventral thoracic region of the beetles. 
They are not attached but move readily over the surface. The feeding habits 
of this large mite have not been observed. The structure of the mouth parts, 
however, suggests that it is either a predator or scavenger. Many smaller 
mites on the beetles are available as food for M. floridanus. 


Gnathosoma.—M. floridanus, as well as most mites, can be divided into two 
body regions, an anterior small gnathosoma that bears the mouth parts, mouth, 
and associated structures, and a posterior idiosoma that bears the walking 
legs and contains the internal organs including those usually associated with 
the head, such as the brain. The two regions are movably joined by a syn- 
atthrodial membrane. The haemal cavities of the two regions are continuous, 
and certain of the muscles originate in the idiosoma and insert on the gnatho- 
soma or gnathosomal structures such as the chelicerae. 

If the gnathosoma is separated from the idiosoma and viewed from above 
(Pl. I A) certain features can be observed. Proximally, it will be seen to 
consist of a sclerotized ring from which certain structures protrude posterior- 
ly. This outer sclerotized ring is the wall of the gnathosomal base. Laterally, 
the gnathosomal base is formed by the basal segment of the pedipalps. The 
dorsal and ventral components of the wall are probably derived from medial 
expansions of the pedipalps, at least in part. The gnathosomal base contains 
several structures such as the chelicerae, subcheliceral plate and pharynx which 
will be described later. Anteriorly, one median and two paired structures 
can be seen arising from the gnathosomal base. The lateral six-segmented 
pedipalps, shown in outline, are well developed. They are the second pair 
of appendages. Dorsal and medial to the pedipalps can be seen the paired 
chelicerae. The posterior ends of the chelicerae can also be seen at the poste- 
rior end of the gnathosomal base. Medially and dorsally the gnathosomal 
base projects anteriorly over the chelicerae to form the tectum. When the 
dorsal wall of the gnathosomal base and the tectum are removed (PI. I B) 
the entire chelicerae are revealed. The chelicerae are surrounded by internal 
cheliceral sheaths in which they glide. Enclosed within the internal cheliceral 
sheaths and directly investing the chelicerae are the external cheliceral sheaths. 
Removal of the chelicerae with their sheaths reveals (Pl. I C) the subcheliceral 
plate, the posterior margin of which extends beyond the posterior margin of 
the external wall of the gnathosomal base. The subcheliceral plate is continu- 
ous with other gnathosomal elements. In the center of the subcheliceral plate 
there is an hexagonal opening through which a fan-shaped group of muscles 
is visible. The anterior margins of the subcheliceral plate are joined by a 
bridge over the mouth. This bridge is called the epistome because it serves 
the same function as the epistome of insects, namely: origin of some of the 
pharyngeal dilator muscles and at its anterior end it supports the upper lip or 
labrum. The labrum appears as an irregularly branched, attenuate projection. 
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Ventral to the labrum the spiny epipharynx can be seen. The fan-shaped 
group of muscles that originates on the posterior margin of the subcheliceral 
plate inserts in the epipharynx. The epipahrynx is rectangular in cross section 
and fits into a groove anterior to the mouth. Lateral to the epistome and 
subcheliceral plate a tentorium extends to the palps. The tentorium is fused 
with the epistome and the subchelicerae plate and is continuous with the 
medial wall of the coxal segment of the pedipalps. Anteriorly, the tentorium 
is fused with the dorsal wall of the hypostome. At the anterior lateral 
corners of the dorsal hypostomal wall a pair of projections, corniculi, arises 
that guide the chelicerae. The corniculi articulate with the dorsal hypostomal 
wall by means of a movable joint. A pair of anterior projections of the 
hypostome, hypostomal processes, can be seen extending beyond its apex. 
Removal of the epistome, labrum, epipharynx, and epipharyngeal muscles 
(Pl. I D) reveals the pharynx, a tube in the mid line. The pharyngeal 
dilator muscles can be seen extending laterally from the pharynx, while the 
dorsal constrictors are seen alternating with the dilators. The constrictors are 
attached to the pharynx at each side. The opening of the pharynx is the 
mouth. The dorsal wall of the pharynx is continuous with the epipharynx 
which extends anterior to the mouth. The ventro-lateral walls of the pharynx 
extend anteriorly to form the hypopharynx. The hypopharynx forms a groove 
or trough in which the epipharynx lies. On either side of the base of the 
hypopharynx is an hypopharyngeal stylus. The toothed walls of the hypo- 
pharyngeal groove are typical of this region of the gnathosoma (PI. I E). 
Anteriorly, the paired hypopharyngeal processes which are extensions of the 
hypopharynx can be seen. Ventral to these structures and medial to them 
the hypostomal processes are partially visible. On the ventral surface of the 
gnathosoma (PI. I F) the single pair of gnathosomal setae can be seen on the 
gnathosomal base. Anterior to these setae is the hypostomal region that 
characteristically bears three pairs of hypostomal setae. 

In the mid-ventral region a longitudinal groove divides the gnathosoma into 
right and left halves. This groove is divided into anterior and posterior 
regions. The posterior portion is restricted to the gnathosomal base and is 
formed by the deutosternum. The anterior portion is in the region of the 
hypostome and is formed by the protosternum. Its floor is formed from the 
hypopharynx. 

The description of the gnathosoma presented above and the diagrams that 
illustrate it are based on a simplified account of the structures. While the 
description and diagrams are simplified they are accurate in proportion and in 
showing the relationships of the main sclerotized structures. Fundamentally, 
the gnathosoma consists of a basal portion, five anterior projections and two 
pairs of appendages. The basal portion is similar to a cylinder that is divided 
into dorsal and ventral compartments by a horizontal shelf. The dorsal 
section is subdivided into right and left halves by the cheliceral sheaths in 
which the chelicerae glide, while the ventral section accommodates the pharynx 
and the pharyngeal musculature. The anterior projections arise at different 
levels from the gnathosomal base. The tectum originates from the dorsal 
wall of the base, the labrum from the center of the horizontal shelf that 
divides the base into dorsal and ventral compartments, the epipharynx from 
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the dorsal wall of the pharynx, the hypopharynx from the ventrolatera‘ walls 
of the pharynx, and the hypostome from the ventral wall of the base ventrally 
and dorsally from the lateral portions of the horizontal shelf that divides the 


Fig. 1—Gnathosoma of Megisthanus floridanus. A. Ventral view of the gnathosoma 
of a male; B. Lateral view of the gnathosoma of a male to show teeth flanking tectum; 
C. Palp of a male, lateral view; D. Ventral view of the gnathosoma of a female; E. Lat- 
eral view of the gnathosoma of a female to show teeth flanking tectum; F. Palp of a 
male, medial view; G. Epipharynx; H. Medial view of the chelicera of a male; I. Medial 
view of the chelicera of a female. 

ABBREVIATIONS: ac.—corniculi, c. hypostomal processes, d.—deutosternum, d.s.— 
distal setae of hypostome, g.b.—gnathosomal base, g.s.—gnathosomal setae, g.t.—gnatho- 
somal teeth, h.—hypostome, h.p.—hypopharyngeal processes, |.s.—lateral setae of hypo- 
stome, m.s.—medial setae of hypostome, p.—protosternum, t.—tectum, tr.—trochanter, 
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gnathosomal base dorso-ventrally. The chelicerae articulate with the anterior 
margin of the dorsal compartment of the gnathosomal base through the exter- 
nal cheliceral sheaths. The coxae of the pedipalps are insensibly incorporated 
into the gnathosomal base and make up a considerable portion of it. They 
are discernible laterally and extend beyond the base where they are fused with 
the lateral margins of the hypostome. The trochanters articulate movably 
with the anterior limits of the coxae. The other segments of the palps are 
also movably joined to their neighbors. 


Gnathosomal base—(Fig. 1 A, D) The gnathosomal base is that portion 
of the gnathosoma that is posterior to the mouth. Its external surface is 
largely smooth but some ornamentation is present. In the mid-ventral line 
the deutosternum is found. On either side of the deutosternum half way 
between its proximal limit and the base of the gnathosomal setae is a trans- 
verse row of small teeth. The teeth are directed anteriorly, and their number 
vary from one side of the gnathosomal base to the other. The sides of the 
gnathosomal base are ornamented with a series of diagonal rows of teeth and 
ridges, and its dorsal surface is marked by a series of fine transverse ridges. 
The palpal coxae are partially set off from the central portion of the gnatho- 
somal base by dorsal and ventral lateral grooves. 

Deutosternum.—(Fig. 1 A, D) The floor of the mid-ventral groove on 
the surface of the gnathosomal base is the deutosternum. It lacks the teeth 


characteristics of the other species but is provided with a series of six trans- 
verse ridges. 


Gnathosomal setae—(Fig. 1 A, D) A single pair of setae located near 
the anterior end of the gnathosomal base is characteristic of all the Meso- 
stigmata.’ In M. floridanus these setae are shorter than the hypostomal setae 
and are shorter in the male than in the female. 

Subcheliceral plate —(Pl. 1) The transverse shelf that divides the gnatho- 
somal base into dorsal and ventral components is formed in part by the 
U-shaped subcheliceral plate. The plate is an apodeme and extends into the 
idiosoma. The bars of the plate provide the surface upen which the chelicerae 
glide, while the internal sheaths of the chelicerae originate from the mesial 
and lateral side of the bars. The epipharyngeal depressor muscles originate 
from the posterior portion of the plate. 

Epistome——(PI. I C, G) The epistome is that portion of the plate from 
which the dilator muscles of the pharynx originate and the labrum projects. 
Here the epistome forms an anterior bridge connecting the bars of the sub- 


cheliceral plate. A distinct keel is present on the dorsal surface of the epi- 
stome. 


Internal cheliceral sheaths —(Pl. I B, G) At the anterior region of the 
gnathosomal base the chelicerae are surrounded by a complete sclerotized ring 
formed above by the junction of the tectum with the gnathosomal base, formed 
laterally by the mesial walls of the pedipalpal coxae and ventrally by the epi- 
stome. This ring is divided into right and left halves by a vertical plate that 
arises from the keel of the epistome and extends to the base of the keel of 
the tectum. Thus, each chelicerae is surrounded by an external sclerotized 
ring. Apodemes extend posteriorly from these rings to the posterior end 
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of the subcheliceral plate providing two tubes in which the chelicerae glide. 
These are the internal cheliceral sheaths. 

External cheliceral sheaths —(Pl. I B, G) A membranous tube, that di- 
rectly invests each cheliceral shaft for more or less its length depending upon 
its degree of retraction, inserts on the shaft just distal to the junction of the 
first and second segments. This tube is the external cheliceral sheath and 
joins the gnathosomal base at the point of origin of the internal cheliceral 
sheaths. It is, in fact, a greatly elongated synarthrodial membrane. Its length 
and flexibility make it possible for the cheliceral to be protracted and re- 
tracted. Each chelicerae is provided with its own sheath so that it can operate 
independently of the other. 

Tentorium.—(Pl. I C, D, G) The tentorium is that part of the hori- 
zontal shelf dividing the gnathosomal base into dorsal and ventral compart- 
ments that connects the subcheliceral plate and epistome with the mesial 
walls of the pedipalpal coxae. Anteriorly, the tentorium is heavily sclero- 
tized but posteriorly it is membranous. The entire tentorium is an apodeme. 

Pharynx.—(Pl. I D, E, G) The pharynx is a tube connecting the mouth 
with the esophagus. It is rectangular in outline and has a sclerotized lining. 
Two types of dilator muscles insert on the pharynx. The anterior dilators 
insert on the dorsal lateral corners of the tube and originate from the epi- 
stome. Posteriorly, there are a series of dilators that insert on the lateral 
walls of the pharynx and originate laterally from the ventral lateral walls of 
the gnathosomal base. The constrictors of the pharynx are intrinsic and alter- 
nate with the dilators in their attachment to the pharyngeal wall. The con- 
strictors run from corner to corner. Three sets are present. A dorsal set 
connects the two dorsal corners, two lateral sets connect the dorsal and ventral 
corners of the right and left sides respectively, but the ventral corners are not 
connected by pharyngeal constrictors. 

Mouth.—(Pl. I D, E) The mouth is the anterior opening of the pharynx. 
It is shaped like an inverted pyramid and is closed by the apposition of the 
epipharynx with the walls of the hypopharyngeal groove. The description of 
the mouth completes the description of the gnathosomal base and its parts. 

Tectum.—(Pl. I A; Fig. 1 A, B, D, E) Dorsally the tectum is attached 
at its broad, arched, posterior margin to the dorsal wall of the gnathosomal 
base. It is insensibly fused with the base but can readily be differentiated 
from it by its ornamentation. Transverse ridges are characteristic of the 
gnathosomal base, while longitudinal ridges are found on the tectum. The 
tectum is shaped like an equilateral triangle. Its apex is anterior. Ventrally, 
the tectum is provided with a distinct keel. The tectum of the male is larger 
than that of the female and possesses large teeth on either side, which are 
much reduced in the female. 

Labrum.—(Pl. I B, C) The external extension of the epistome is the 
labrum. It is an attenuate branched structure with one long and as many 
as seven smaller branches. All of the branches come off near the base of the 
labrum. 

Epipharynx.— (Pl. I C, H; Fig. 1 G) The dorsal pharyngeal wall is 
extended anteriorly beyond the mouth as an epipharynx. The epipharynx in 
cross section appears as a four-sided structure. It resembles a spear in which 
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the dorso-lateral sides do not extend as far as the ventro-lateral sides. The 
ventro-lateral walls are more heavily sclerotized, with two series of teeth on 
their surfaces. The dorso-lateral walls form a dome which is densely covered 
by small barb-like projections. The epipharynx lies in the hypopharyngeal 
groove. The depressor muscles, originating from the posterior ventral surface 
of the subcheliceral plate, insert on the inner surface of the epipharynx and 
are concentrated mainly at the base. Upon contraction of these the epi- 
pharynx is lowered into the hypopharyngeal groove and blocks the pharyngeal 
orifice or mouth. The epipharynx and labrum fuse proximally at the level of 
the mouth. 


Hypopharynx.—(Pl. I D, E, H) The ventro-lateral pharyngeal walls 
extend beyond the mouth as a hypopharynx. The hypopharyngeal walls 
form a V-shaped groove in which the epipharynx lies. These walls are pro- 
vided with a series of small teeth. Laterally, the teeth are larger and more 
apparent. The hypopharyngeal dilator muscles insert on the internal surface 
of the walls and originate from the ventro-lateral walls of the hypostome. 

Hypopharyngeal processes —(Pl. I D, E, F; Fig. 1 A, D) The hypo 
pharynx splits into right and left halves anteriorly and continues to form a 
pair of hypopharyngeal processes. Each process ends in a small knob that is 
provided with denticles over its surface. The protosternum also contributes 
to the formation of the hypopharyngeal processes. 

Hypopharyngeal styli—(Pl. I D, E) A pair of styli arise from the 
corners of the mouth at the dorsal level of the hypopharynx where the epi- 
stome, hypostome, epipharynx and hypopharynx come together. The styli 
are thin rods that extend to the level of the anterior limit of the hypo- 
phyrangeal groove. They are provided with minute denticles that can be seen 
only with the aid of a phase contrast microscope. The function of the hypo- 
pharyngeal styli has not been determined. On other mesostigmatid mites 
additional pairs of styli have been found. 

Hypostome—(Pl. I C, F, H; Fig. 1 A, D) The ventral wall of the 
gnathosomal base continues anteriorly to form the ventral wall of the hypo- 
stome. The dorsal wall of the hypostome extends anteriorly from the ten- 
torium and fuses distally with the ventral wall of the hypostome. The 
hypostome is almost completely separated into right and left halves dorsally 
by the median hypopharynx. The separation is almost complete on the 
ventral surface as well but is incomplete at its proximal limit. Laterally, the 
hypostomal walls are fused to the walls of the pedipalpal coxae. The hypo- 
stome is devoid of ornamentation. 

Hypostomal setae—(PI. I F; Fig. 1 A, D) On the ventral wall of the 
hypostome are located three pairs of hypostomal setae. The anterior setae or 
distal setae are intermediate in length and are provided with setules. The 
two pairs of posterior setae can be designated medial and lateral. The lateral 
setae are the shortest and are provided with setules while the medial setae are 
the longest and are nude. 

Protosternum.—(PI. I F, H; Fig. 1 A, D) The protosternum abuts the 
deutosternum and extends into the hypostomal region. The floor of the 
hypostomal groove is formed by the protosternum and can be readily distin- 
guished from the deutosternum. 
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Hypostomal processes —(PI. I C, D, E, F; Fig. 1 A, D) From the 
divided anterior apices of the hypostome extend a pair of slender hypostomal 
processes. They taper to a fine point and entwine about the hypopharyngeal 
processes distally. 

Corniculi—(Pl. I C, D, F; Fig. 1 A, D) The corniculi are large, darkly 
colored, heavily sclerotized structures which project from the dorsal wall of 
the hypostome. They resemble horns and have a single median projection on 
their mesial surface. They are lateral to the chelicerae when these are 
extended and prevent extensive lateral movement of them. 


Chelicerae—(Pl. I A, B, G; Fig. 1 H, I) The first pair of acarine 
appendages is the chelicerae. They are three-segmented, powerful structures, 
approximately four times longer than they are broad. The proximal seg- 
ment is the shortest of the segments and is the only one which lacks any 
accessory structures; it is internal and therefore might be considered a che- 
liceral apodeme. The second segment is the longest of the three and ter- 
minates in an immovable digit provided with thirteen teeth. At the level of 
the second tooth of the immovable digit is a seta which projects distally 
from the dorsal surface. The third segment of the chelicera opposes the 
immovable digit and in the living mite occupies the ventral position. It 
forms the movable digit. Sometimes on the ventral margin a series of poste- 
tiorly directed teeth are visible but these do not appear to be a constant 
feature because on the same mite they are not always present on both che- 
licerae. The number of teeth on the movable digit ranges from seven to 
nine. Both the second and third segments of the chelicerae possess elaborate 
excrescences on their mesial surfaces. Originating from the immovable digit 
opposite the ninth tooth is a delicately sclerotized structure which extends 
from a region posterior to the base of the digit and projects beyond its distal 
tip. Covering the greater portion of this excrescence are teeth arranged in 
several longitudinal series. There are three types of excrescences on the 
movable digit. The most distal is excavated anteriorly and bears serrations 
on its edge. Posterior to this are two multi-branched outgrowths. The 
proximal one covers the greater surface of the digit. The synarthrodial 
membrane between the second and third segment is thrown into a disc-shaped 
fold with teeth on its rim. At the base of this is an additional group of 
teeth. The description given above applies to the chelicerae of the female. 
In the male the chelicerae are similar to those of the female. They differ 
primarily in that the excrescences are more numerous and more prominently 
developed. The movable digit of each chelicera is operated by a pair of 
opposed muscles. The elevators of the digit originate along the proximal 
and mesial walls of the second segment. They insert on the sides of a verti- 
cal apodeme, arranged much as the barbs of a feather along the rachis, which 
is directly posterior to the dorsal proximal angle of the movable digit. The 
elevator muscles are connected to the digit by means of a tendon. The 
depressor muscles of the movable digit are six times smaller in diameter than 
the elevators. They insert on the proximal ventral surface of the digit bv 
means of a tendon and are concentrated along the ventral surface of the 
second segment, originating proximally on that segment. Other intrinsic 
muscles which originate from all surfaces of the first segment insert along 


442 THE AMERICAN MIDLAND NATURALIST 50 (2) 


the proximal edge of the second segment and along the apodeme. The extrin- 
sic muscles of the chelicerae are retractor muscles, the contraction of which 
pull the chelicerae into the idiosoma. The muscles insert along the base of 
the first segment and originate from a restricted area located at the level of 
the anterior third of the dorsal wall of the idiosoma. The chelicerae are 


protracted by the pressure of the body fluids. 


Pedipal ps —(Fig. 1 C, F) The second pair of acarine appendages is the 
pedipalps. They are composed of six segments: the coxa which forms the 
greater portion of the lateral sides of the gnathosomal base; the trochanter 
which is the first movable segment; the femur which is the longest of the 
segments; the genu, the tibia and the tarsus. Designating the trochanter as 
number 2, the movable segments of the pedipalps vary in size in the following 
order—3, 2, 4, 5, 6. The trochanter has two setae which project medially, 
each possesses setules. The mesial apex of the segment bears two or three 
knob-like projections. The femur has five setae each with setules. From 
the medial surface the shortest seta occupies approximately a central position. 
The remaining four setae are of approximately the same length. Three origi- 
nate laterally and one arises posterior to the shortest seta on the ventral 
surface of the segment. The genu has seven setae all with setules. A medial 
one differs from the others by being unusually well provided with setules at 
its tips and instead of being straight curves anteriorly at its tip. Of the 
remaining six: three are on the dorsal surface, two on the lateral, and one on 
the ventral. The longest seta is the more posterior of the lateral ones. The 
tibia appears to have fifteen setae. The exact number is difficult to establish 
because of the proximity of the setae to each other. Except for two setae 
which project medially the setae of the tibia possess few or no setules. In 
addition to the two on the mesial surface, there are approximately four on 
the ventral surface, two on the dorsal surface and the remaining are concen- 
trated along the distal lateral surfaces. The most conspicuous of the tibial 
setae is the posterior one of the two medial setae. It is as long as the longest 
setae of the pedipalps or longer. It, as well as the posterior medial setae of 
the genu, projects anteriorly but with a less acute angle and its setules are 
not concentrated at the tip but extend equally along its length. The more 
anterior of the two medial setae has the smallest diameter of any of the 
pedipalpal setae and can be grouped among the shortest. It has, however, 
relatively long setules along its edges. The tarsus differs sharply from the 
other segments because of the arrangement of the setae. Nine setae arranged 
in a corona at the apex of the segment occupy about one-half the lateral 
surface. The setae are more robust than the others and are all of about the 
same size except for the most distal one which is more slender and longer 
than the others of the corona. Two setae medially and one, the narrowest of 
the tarsal setae, is on the ventral surface. Of the two medial setae, the most 
posterior is the longer and recurves slightly distally and then ventrally. Both 
ate provided with few setules as is also the ventral seta but setules are lacking 
from the other setae. A three tined specialized seta arises from the mid- 
dorsal surface of the tarsus at its proximal margin. The medial tine is 
approximately six times shorter than either the central or the lateral tine. 
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TABLE 1.—Synonymy of terms 


Gorirossi (1950) 
Gnathosoma 
Basis capituli 
Capitular groove 


Capitular setae 
Epistome (part) 


Epistome (part) 


Outer cheliceral 
sheaths 
Inner cheliceral 


sheaths 


Ventral extension 
of epistome 

Pharynx 

Mouth 


Tectum, tectum 
capituli 

Labrum 

Epipharynx 


Ant. v.l. walls of 
pharynx (part) 


Styli 
Hypostomal setae 
Hypostome (part) 
Floor of hypostome 


Stylus of mala 
externa 


Chelicerae 


Pedipalps, palps 


Snodgrass (1948) 
Capitulum 


Hughes (1949) 
Gnathosoma 
Basis capituli Basis capituli 


Deutosternum, 
Hypostome 


Capitular hairs, 
Post. rostral hairs, 


Post. max. hairs 
Subcheliceral Subcheliceral 
plate (part) epistomal plate 
Epistome 
Subcheliceral Epistome 
plate (part) 
Cheliceral 
sheaths 


Inner cheliceral 
sheaths, Outer 
chel. sheaths 


Cone-sheaths 


Pharynx Pharynx 

Mouth Mouth 

Epistome Tectum, tectum 
capituli 

Labrum Labrum (part) 


Epipharynx, Para- Labrum (part) 
labrum internum, 
paralabrum exter- 


num 
Ant. v.l. walls of Hypostome (part) 
pharynx (part) 


Mala interna Hypostomal 
processes 
Salivary styli ? Stylus ? 


Rostral setae — 


Hypostome (part) | Hypostome (part) 


Ant. prolongations | Hypostome 
of hypostome, ven. 

flap of endite 

Endites of pedi- Hypostomal 
palpal limbs, processes 


Flange of mala 


Apical lobes 
of coxae 
Chelicerae Chelicerae 
Pedipalps Pedipalps 
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DIscuSSION 


In describing the gnathosoma of Megisthanus floridanus particular atten. 
tion has been given to the terminology since it is hoped that this description 
can be used as a basis for a study of the comparative anatomy of the meso- 
stigmatid gnathosoma. The terms applied to the structures in this paper 
have been compared to those used by other authors, especially three recent 
authors: Snodgrass (1948), Hughes (1949), and Gorirossi (1950) (table 
1). The structures themselves have been compared to those found in other 
forms and some attempt to unravel homologies has been made. In selecting 
terms appropriateness, usage, and clarity have been considered to be of more 
importance than priority. While the usage reported in this paper (table 1) 
indicates to some degree the extent of confusion in terminology, an even better 
understanding can be achieved by consulting the table in Hughes (1949). 

Certain terms appear to have been fixed by modern usage, or have pre- 
sented no problem even in the past. These are: “pharynx,” “mouth,” 
“labrum,” “chelicerae,” and “pedipalps.” 

Other terms present little difficulty. “Gnathosoma” is the term currently 
most frequently used in designating the region that bears the mouth parts of 
mites. It is a companion term of the modern method of designating the body 
regions of the mites into: gnathosoma, propodosoma, metapodosoma, opistho- 
soma, etc. “Capitulum” is freqeuntly used to refer to the same region of the 
ticks. It is true that “gnathosoma” is somewhat inappropriate since jaws are 
not present in the Acarina, but on the other hand, “capitulum” is equally 
inappropriate since most of the cephalic structures are not contained in it. 
“Gnathosomal base” is used here for internal consistency despite the fact 
that modern usage has settled on “basis capituli.” The term “gnathosomal 
setae” has been adopted for the same reason. The subcheliceral plate has 
been recognized as that portion of the transverse gnathosomal shelf that 
serves to anchor the internal cheliceral sheaths and to give origin to the epi- 
pharyngeal muscles. The epistome is that portion of the shelf that supports 
the labrum and serves as the origin of the pharyngeal dilators. The tentorium 
is that portion of the shelf that connects its central elements to the mesial 
walls of the pedipalpal coxae. These three terms have been found to be con- 
venient in talking and thinking about three interconnected structures that 
had previously been considered as a single structure. Two cheliceral sheaths 
are present in the Mesostigmata. One sheath is an apodeme and has been 
called an internal cheliceral sheath despite the fact that it is the outermost 
sheath if the chelicerae are considered as the central elements. The other 
sheaths is an elongated synarthrodial membrane, one surface of which is exter- 
nal. Therefore, despite the fact that this sheath immediately surrounds the 
chelicerae it is called the external cheliceral sheath. Little confusion concern- 
ing the modern applicability of the term “epipharynx” has arisen recently 
except that Hughes (1949) has named the walls of the epipharynx as distinct 
structures: paralabra interna and paralabra externa. Snodgrass (1948) in 
discussing a description (Stanley, 1931) of Echinolaelaps echidninus indicates 
that he considers the epipharynx to be merely a ventral lobe of the labrum. 
The term “hypostome” has long been used for the anterior ventral prolonga- 
tions of the gnathosomal base as well as for a median ventral element of the 
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base itself. Here, “hypostome” refers only to the components that arise 
laterally from the gnathosomal base. Hypostomal setae are the three pairs 
of setae found on the ventral wall of the hypostome. Hypostomal processes 
are projections of the hypostome that freqeuntly arise just distal to the distal 
hypostomal setae. The term corniculi has enjoyed wide usage (Vitzthum, 
1929) and applies to hornlike projections that arise from the dorsal wall of 
the hypostome, lateral to the hypostomal processes. These projections have 
also been called “maxillae” in the past, but since they are not homologous 
with other arthropod maxillae the term has not been adopted. 

A few of the terms used here must be discussed in some detail. The 
term “tectum” as used by Snodgrass for the dorsal, anterior, median projection 
of the gnathosomal base does not have wide usage. This structure has been 
called the epistome for many years by many authors. Snodgrass uses “epi- 
stome” for the plate from which the pharyngeal dilators originate and the 
labrum arises. The epistome is so defined in the insects and there is no 
reason why it should not apply equally well to the mites. Snodgrass’ termi- 
nology has, therefore, been followed here. “Hypopharynx” as used here 
refers to anterior extensions of the ventro-lateral pharyngeal walls. That 
these walls are in reality pharyngeal walls is emphasized by the fact that they 
are equipped with dilator muscles that are similar to the pharyngeal dilators 
in every respect. Since this structure obviously has a different origin than 
the hypostome and since it appears to be a derivative of the ventro-lateral 
pharyngeal walls, the term hypopharynx seems particularly apt. Anterior 
projections of the hypopharynx have been called hypopharyngeal processes. 
A pair of styli near the base of the hypopharynx have been called hypo- 
pharyngeal styli to differentiate them from other types of styli found in mites 
other than Megisthanus floridanus. In other mites hypopharyngeal, epi- 
pharyngeal, and salivary styli have been found. Salivary styli can be recog- 
nized by the fact that they bear the openings of the salivary ducts. The 
other styli can be recognized by their position. 

Two terms remain to be discussed that can best be considered together. 
These are “deutosternum” and “protosternum.” In the mesostigmatid mites 
there is present at the base of the gnathosoma an emergent plate that most 
frequently resembles a large bifid seta. This structure is universally recog- 
nized as the tritosternum, or the primary sternite of the third embryonic 
segment. Anterior to the tritosternum, there are two mid-ventral plates on 
the gnathosoma that have a different texture, and are more or less distinctly 
set off from the lateral elements of the gnathosoma. These lateral elements 
may be derived from the pedipalpal coxae. It is probable that the median 
elements have a different origin. Possibly their origin is similar to the origin 
of the tritosternum. It is for these reasons that the anterior plate is called 
protosternum, while the posterior plate is called deutosternum. Embryologi- 
cal studies will be required to determine whether or not these terms should 
be considered as being applicable with their full significance. 


SUMMARY 


A system of nomenclature for the structures that make up the gnatho- 
soma of mesostigmatid mites has been developed. Using Megisthanus flori- 
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Plate I. A. Dorsal view of gnathosoma of a female Megisthanus floridanus; B. Fig. 
A with tectum and dorsal wall of gnathosomal ring removed; C. Fig. B with chelicerae 
and cheliceral sheaths removed; D. Fig. C with epipharyngeal muscles, epistome, labrum 
and epipharynx removed; E. Detail of anterior median region of fig. D; F. Ventral view 
of gnathosoma; G. Cross section through base of gnathosoma at level of epistome; 
H. Cross section through gnathosoma at level of hypostome to show relationship of epi- 
pharynx to hypopharynx. Figures A-F were drawn by A. Hansens from actual dissections 
by Miss Gorirossi. Figures G-H are photographs of sections made at 10 micra. Scale is 
applicable to all figures. 

LeGenp: A.—chelicerae, B—tectum, C-C’.—gnathosomal base-ring, D—subcheliceral 
plate, E—palps, F—external cheliceral sheaths, G—internal cheliceral sheaths, H. 
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danus as a model, the structures have been described and the terms defined on 
the basis of this description. A synonymy of terms restricted to three recent 
reports is included. 
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labrum, I.—epistome, J—epipharynx, K.—hypostome, L.—corniculi, M.—region of ten- 
torium, N.—epipharyngeal muscles, O.—hypopharyngeal processes, P.—hypostomal 
processes, Q.—sides of hypopharynx, Q’—floor of hypopharynx, Q”.—hypophoryngeal 
groove, R.—hypopharyngeal styli, S.—dorsal wall of pharynx = epipharynx, S’—phar- 
ynx, T.—pharyngeal constrictor muscles, T’—pharyngeal dilator muscles, U.—deuto- 
sternum, V.—teeth of deutosternum, W.—gnathosomal setae, X.—hypostomal dilators, 
Y.—protosternum, Z1, 2, 3.—distal, medial, lateral hypostomal setae. 


Notes on the Amphibians and Reptiles 
of Crater Lake National Park* 


Donald S. Farner 
State College of Washington, Pullman 


James Kezer 
University of Missouri, Columbia 


Crater Lake National Park encloses an area of approximately 250 square 
miles of relatively high country lying on both sides of the Cascade Divide 
in southern Oregon. The lake occupies the caldera of Mount Mazama, an 
extinct Pleistocene volcano. The mean elevation of the surface of the lake 
is about 6100 feet. The walls of the caldera vary in elevation from 6718 
feet at the Wineglass talus slope to 8156 feet at the summit of Hillman Peak. 
The highest elevation in the Park is the summit of Mount Scott (8938 ft.) 
near the East Boundary; the lowest elevation (3977 ft.) is in the southwest 
corner in Red Blanket Creek Canyon. The northeast quadrant of the Park is 
covered deeply with pumice; this, and its position on the east side of the 
Cascade Divide, make it the driest part of the Park. Only one small stream, 
Bear Creek, has its origin in this quadrant. The southeast quadrant contains 
Wheeler, Sand, Sun, and Annie creeks. all of which flow through canyons 
with varying amounts of wet meadows; like Bear Creek, they are a part of 
the Klamath Drainage. The streams of the southwest and northwest quad- 
rants, Red Blanket, Castle, Copeland, Bybee, Crater, and National creeks, 
generally arise from springs in wet meadows and have cut canyons of varying 
depths and with varying amounts of wet meadows on their sides and floors. 
These stveams flow generally westward into the Rogue River drainage. Boun- 
dary Springs, the headwaters of the Rogue River, lie at the northwest corner 
of the Park. A small area in the northern part of the Park drains into the 
Umpqua system; but this area contains no permanent streams. 

The mean annual precipitation at Park Headquarters (6475 ft.) is slightly 
less than 70 inches. However, because most of this comes as snow during 
the winter, and also because of the porous nature of the pumice cover and the 
soil derived therefrom, the vegetation of the area does not reflect a rainfall 
of this magnitude. Mean air temperatures are relatively moderate for these 
elevations. The mean maxima and minima for the coldest months, January 
and February, are 31.4° F., 31.6° F., 18.4° F., and 18.8° F., respectively. 
The warmest months, July and August, have mean maxima and minima of 
65.8° F., 69.8° F., 42.5° F., and 42.3° F., respectively. 

The geology has been described in detail by Williams (1942) In general 
it is an area of Pliocene and Pleistocene volcanoes that have become quiescent 
during the last thousand years or so. The numerous recent cinder-cone 
volcanoes and the partially eroded older and larger volcanoes were eclipsed 
in size by Mount Mazama, which was probably comparable in size to Hood 
and Shasta. The last activity of Mount Mazama proper consisted of an 


* Most of the investigations on which this paper is based were made while the 
authors were members of the temporary naturalist staff of Crater Lake National Park. 
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eruption of pumice and scoria that removed about five cubic miles of mate- 
rial; another 1.5 cubic miles of old rock were removed by explosive action; in 
addition to the material lost by the eruption, there was apparently a further 
loss of eleven cubic miles of magma by downward withdrawal. The result 
of this total loss of about 17 cubic miles of material from its core was the 
collapse of approximately the upper 4000 feet of the volcano thus forming 
the caldera. The analysis by Arnold and Libby (1951:7) of the carbon 14 
in the logs carbonized during the pumice eruption indicates that the eruption 
must have occurred approximately 6000-7000 years ago. Following the col- 
lapse of Mount Mazama a series of eruptions from the floor of the caldera 
produced a cinder-cone volcano known as Wizard Island that now extends 
about 800 feet above the surface of the Lake. 

The lake* is of unusual depth, the maximum sounding being 1996 feet; 
the average depth is about 1500 feet. The shore line is composed predomi- 
nately of large fragments of volcanic rock, mostly andesite; there are few 
shallow areas and no littoral zone in the ordinary sense of the word. The 
water is remarkably clear as indicated by the occurrence of Fontinalis and 
Drepanocladus at depths of about 400 feet (Hasler, 1938:95). Various 
aspects of the limnology of the lake have been discussed by Evermann (1897), 
Kemmerer et al. (1923), Brode (1938), Hasler (1938), Hasler and Farner 
(1942), and Utterback, Phifer, and Robinson (1942). In general it may be 
characterized best as an extremely oligotrophic montane lake. All water from 
100 meters depth to the bottom is at approximately 4° C. or less (Hasler, 
1938:95; Utterback et al., 1942:98). There are no surface outlets; the sur- 
face inlets are trivial, consisting of a few short streams leading from springs 
in the walls of the caldera. Fishes were first introduced by William Glad- 
stone Steel in 1888; more or less regular stockings were made by the National 
Park Service from 1909 through 1939. In recent years it has become obvious 
that the populations (Wallis and Bond, 1950) of Oncorhynchus nerka and 
Salmo gairdneri: are maintaining themselves by natural reproduction against 
some fishing pressure. Despite its low productivity the lake has supported 
normal fish growth (Hasler, 1938; Hasler and Farner, 1942). 

With the exception of the dry open pumice flats, a few areas of chaparral, 
and the wet montane meadows, the slopes of Mount Mazama are covered 
with well-developed forests. At the lower elevations, generally up to about 
5500 feet depending on exposure, are the so-called Transition Zone forests 
consisting of pure stands of Pinus ponderosa on the arid east slopes, shifting 
gradually to a mixture of Pinus ponderosa and Abies concolor with clumps of 
Ceonothus velutinus and Arctostaphylos patula, on the southeast and south 
slopes, finally to a mixture of Pseudotsuga taxifolia, Pinus ponderosa, Abies 
concolor, and Pinus lambertiana on the more humid southwest and west 
slopes. Above these, on slopes up to approximately 6000 feet lies the belt 
of Pinus contorta latifolia; in most areas this species occurs in pure stands; 
at some localities there are varying amounts of Abies magnifica shastensis 
and Pinus monticola. At about 6000 feet, in accordance with exposure, the 
lodgepole pine forests are replaced by pure stands of Tsuga mertensiana, less 
frequently of Abies magnifica shastensis, or more commonly mixtures of these 


* References to “the lake” refer throughout to Crater Lake. 
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two. These forests are fairly humid and park-like with little undergrowth; 
near the upper limits the firs disappear and occasional white-bark pines may 
be seen. The forests of highest elevation are those of Pinus albicaulis. Usual- 
ly they are quite open with intervening areas of dry pumice flats which 
support only a sparse arid flora. 

Along many of the streams and around most of the springs are varying 
amounts of montane meadow. Usually these contain spring pools and fre- 
quently isolated ox-bow pools. The latter are commonly inhabited by the 
larvae of Bufo boreas, Rana cascadae, Hyla regilla, and Ambystoma macro- 
dactylum. The meadows usually have clumps of Salix, a rich cover of forbs 
and sedges, and a border of Abies lasiocarpa. 

Although Crater Lake was apparently first seen by white men in 1853, it 
was not until after 1865, when a military road was constructed from Fort 
Klamath to Jacksonville and passed near Annie Spring, that it became well 
known. Efforts to establish a national park began quite early and in 1888 
the land now in the Park was withdrawn from public sale; in 1902 the 
National Park was established. Prior to the establishment of the National 
Park there was some grazing and hunting in the area. Any effects of these 
activities seem to have disappeared some time ago. Actually, it appears 
doubtful that there have been any cultural influences that could have altered 
the herpetological fauna in any appreciable way. The only possibility might 
be the introduction of predacious fishes into the Lake. The rather extensive 
investigations of their food habits (Hubbard, 1933; Brode, 1935, 1938; and 
Hasler and Farner, 1942), however, indicate this to be a very minor influence 
since very few of the fishes take amphibians as food. 

Since the first herpetologic observations by Evermann (1897) in 1896, 
there have been frequent references to the amphibians and reptiles of Crater 
Lake National Park in the literature. Or these, only two (Campbell, 1929; 
and Vincent, 1947a) have dealt with the entire herpetologic fauna; these two 
treatises have had very limited distribution. The annotated list of the reptiles 
and amphibians of the Rogue River basin, prepared by Fitch (1936), refers 
to most of the species occurring in the Park but, because of the extensive 
area involved, lacks .details on distribution and ecology within the Park. 
During the past ten years we have gradually accumulated considerable num- 
bers of specimens and observations that have increased our knowledge of the 
reptiles and amphibians of this interesting high-elevation area. 


Most of the specimens to which references are made are in the Crater Lake National 
Park Zoological Collection and are indicated by the abbreviation CLNP. Specimens in 
other collections are indicated as follows: University of Kansas Museum of Natural His- 
tory, KUMNH; Museum of Vertebrate Zoology, University of California, MVZ; 
Charles R. Conner Museum, Washington State College, WSC; U. S. National Museum, 
USNM; and Stanford University, SU. In general only localities within the Park are 
included except in cases in which comparisons with nearby localities are desirable. The 
synonymy given for each form includes only names that have been applied to material 
from the Park. The locality names are from the United States Geological Survey topo- 
graphic map, “Crater Lake National Park and Vicinity, Oregon.” Edition of 1946. 


TRITURUS GRANULOSUS GRANULOSUS (Skilton)—Oregon Newt 
Our knowledge of the occurrence of this newt in Crater Lake National 
Park is based on three specimens collected from two localities. A single 


large adult (CLNP 435) was collected on August 25, 1951, in a cut-off 
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oxbow along Munson Creek (6230 ft.). It is of interest to note that this 
locality is only two and one-half miles from Crater Lake (6160 ft.) where 
only T. g. mazamae occurs. These two localities are separated by Garfield 
Peak whose elevation is 8060 feet. Our two other specimens (CLNP 509) 
were collected on September 22, 1951, in a bog pond about one-half mile 
south of Crater Spring (5300 ft.), a distance of about six miles from Crater 
Lake. 

In the vicinity of the Park we have found typical granulosus to be very 
abundant at Spruce Lake (4750 ft., Jackson County, CLNP 449, 459), 
which is only one and one half miles west of the Park in the Rogue River 
Drainage, and (CLNP 379) in a cut-off oxbow on the Rogue River 
(about 4000 ft.) mear Harmaker Meadows in Douglas County. Camp 
bell (1934:1) records Triton torosus from the beaver ponds on Copeland 
Creek. We have been unable to secure any specimens from this locality, but 
Crater Spring, and also of the proximity of the Copeland Creek ponds to 
in view of our specimens from Munson Meadow and the bog pond near 


Spruce Lake, it appears highly probable that Campbell’s record is assignable 


to typical granulosus. 


TRITURUS GRANULOSUS MAZAMAE Myers—Mazama Newt 


Triturus torosus, Slevin (1928:22, 24); Campbell (1934:1); Brode (1938:52). 
Triturus similans, Fitch (1936:635); Gordon (1939:51). Triturus granulosus mazamae, 
Myers (1942:80); Bishop (1943:74); Pickwell (1947:5); Farner (1947:259); Vincent 
(1947a:19); Funkhouser (1949:13). 


It is of interest to note that this distinctive newt apparently was not 
found by Evermann (1897) in 1896. The first published record, to the best 
of our knowledge, is that of Slevin (1928). It has been noted as common 
along the lake shore by Campbell (1934:1), Heath (ms, 1938) in 1938 and 
Farner (1947:259) in 1946. The abundance of the semi-terrestrial indi- 
viduals found beneath the rocks is certainly variable. Vincent (1947a:19) 
apparently found none during the summer of 1947. Although they were 
abundant during the summer of 1950. very few were seen during the summer 
of 1951. To the best of our knowledge this subspecies is confined to Crater 
Lake. Although most of the specimens and observations are from Eagle 
Cove, Wizard Island and Skell Channel, there are sufficient observations and 
specimens from elsewhere to indicate that this interesting newt has a general 
distribution about the lake. 

Our knowledge of the life history of the Mazama newt is incomplete. 
The smallest larvae that we have found in the lake were collected in the pool 
behind the Government Boathouse on Wizard Island during the first week of 
September, 1951 (CLNP 452, 498, 499). The total lengths of ten of these 
larvae vary from 18 to 24 mm. with a mean of 21.6 mm. Closely related 
newts, developing in warmer water, attain this length in about three weeks 
after leaving the egg mass; development in the colder water of the lake 
almost certainly would be sufficiently slower to require caution with respect 
to conclusions based on the rate of growth of other newts. Nevertheless, it 
seems probable that the eggs from which these larvae came had been deposited 
during the summer, perhaps back in the spaces between the large blocks of 
lava where they would be entirely inaccessible. 


F 


452 THE AMERICAN MIDLAND NATURALIST 50 (2) 


In the water along the shore and in pools partially separated from the 
lake, larvae (CLNP 442, 443, 444) from about 65 to 95 mm. total length 
may be found during the summer months. The mean length for 16 of these 
larval newts is 81 mm. Our limited data suggest that the small larvae 
observed in the pool behind the Government Boathouse on Wizard Island 
attain this size during their second season of growth, undergoing metamor- 
phosis at that time. Associated with the large larvae may be found newly 
metamorphosed newts and adults of various sizes, including large, mature 
individuals (CLNP 369, 387, 436, 437, 442), which vary in total length 
from about 130 to 200 mm. The mean for 27 specimens is 168 mm. 


It is interesting to note that the Mazama newts are by no means confined 
to the actual water of the lake but may frequently be collected in large num- 
bers under the rocks and driftwood along the shore, often in association 
with Ambystoma macrodactylum. In this non-aquatic environment they 
appear desiccated and sluggish with highly granular skin. Our collections of 
these semi-terrestrial individuals (KUMNH 2350-1, 23511-9, and 7 uncata- 
logued specimens—460727, D. S. Farner) show that all sizes of newts from 
newly metamorphosed to large adults may display this behavior. In a lot of 
20 specimens, total lengths vary from 75 to 180 mm. We have considered 
the possibility that these semi-terrestrial individuals represent a definite stage 
in the life history of this newt; however, since no single size group is involved, 
it seems more probable that a transitory semi-terrestrial existence may develop 
at almost any time in the life cycle beyond metamorphosis. 


On several different occasions we have observed large aggregations of 
mazamae along the shore of the lake. Usually these aggregations of newts 
consist of semi-terrestrial individuals in groups of about twelve to fifteen out 
of the water and under rocks or pieces of driftwood. A somewhat different 
kind of aggregation was observed on September 6, 1951, on the east side of 
Eagle Point where the shore of the lake consists of a rocky beach covered 
with willows. Two hundred and fifty-nine newts (CLNP 501 through 507) 
were massed together in an area of water not more than thirty feet square, the 
vast majority of these being under a single flat rock about nine feet square, 
resting on other rocks in approximately one foot of water. This aggregation 
of newts consisted of large larvae, newly metamorphosed individuals and 
adults of varying sizes. The mean total length for all of the metamorphosed 
individuals is 155 mm. An interesting aspect of this collection consists of 16 
individuals (149 mm. mean total length) having varying amounts of external 
gill tissue. None of these has as much gill tissue as an ordinary newt larva 
but in all of them a certain amount of this larval respiratory tissue remains 
unabsorbed. These odd individuals are apparently similar to four observed 
by Bishop (1943). 

An examinaion of a substantially larger series of specimens confirms the 
diagnostic characters recorded by Myers (1942:80) in his description of this 
form. The ventral pigmentation, particularly striking on the limbs, occurs 
consistently on al! adults of mazamae and is absent from all collections of 
typical granulosus which we have made in adjacent areas. The ventral pig- 
mentation on the larvae and newly metamorphosed occurs less frequently and 
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less strikingly. It is of interest to compare measurements of adult mazamae 
with adults of typical granulosus from nearby areas (Table 1.). 


TABLE 1.—Comparison of Adult Measurements for Triturus granulosus granulosus 
and Triturus granulosus mazamae 


viation (mm.) 
Mean length to 
anterior lip of 
| cloaca (mm.) 
viation (mm.) 


| Mean total 
length (mm.) 

| Standard de- 
Standard de- 
Ratio—total 

| length: length 
to cloaca 


Number of 
specimens 


mazamae 

Crater Lake! 

typical granulosus 

Upper Rogue River? .......... 
typical granulosus 

Spruce Lake*® 


N 
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w 
> 
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typical granulosus 

Munson Meadow4 81 
typical granulosus 

Bigelow Lakes® 75 2.6 
typical granulosus 

near Crater Spring® 72 2.4 


1 CLNP 369, 387, 389, 436, 437, 442. 2 Cut-off section near Hamaker Meadow, 
4000 ft., Douglas County, Oregon. CLNP 379. % 4250 ft., Jackson County, Oregon. 
CLNP 445, 459. 4 6300 ft., Crater Lake National Park. CLNP 435. ° 5600 Josephine 
County, Oregon. CLNP 438. © 5300 ft., 2 mile south of Crater Spring, Crater Lake 
National Park. CLNP 438. 


Obviously no distinction can be made between mazamae and typical gran- 
ulosus on the basis of size or tail-body proportion. 

It should be noted that the designated type locality “near Crater Lake 
on the higher slopes of Mt. Mazama” is somewhat misleading since the speci- 
mens must have been taken, according to the manuscript notes of the collector, 
Dr. James P. Heath, along the shore of the lake, hence on the inner walls 
of the caldera of Mt. Mazama. This is an important distinction since, on 
the “slopes” of Mt. Mazama we have found typical granulosus at Munson 
Meadow (6300 ft.), in a bog pond near Crater Spring (5300 ft.), at Spruce 
Lake (4250 ft.), and along the upper Rogue River (4000 ft.). These collec- 
tions of typical granulosus also appear to make improbable the suggestion of 
Myers (1942:81) and Pickwell (1947:5) that mazamae occurs elsewhere in 
the high Cascades. 

According to Farner (1947) the semi-terrestrial individuals apparently 
leave the rocks and enter the water to feed. The species is essentially preda- 
cious as indicated by the consistent occurrence of an amphipod Hyalella azteca 
(Saussure) in its stomach; snails, aquatic insect larvae, and a few terrestrial 
arthropods are also taken. This salamander is preyed upon occasionally by 
rainbow trout (Vincent, 1947a:19). Doubtless some of the salamanders 
described by Hubbard (1933), Brode (1938) and Wallis (1947) as food by 
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fish were specimens of this newt. On September 1, 1948, a garter snake, 
Thamnophis sirtalis fitchi was taken on Wizard Island with a half-swallowed 


Mazama newt in its mouth. 


AMBYSTOMA GRACILE Baird—Northwestern Salamander 


One of the interesting experiences of the 1951 season was the discovery 
of this species in the Park. Assisted by Lawrence Bisbee and Fred Larmie 
on September 15, 1951, we found large neotenic individuals occupying small 
bog ponds in the vicinity of Crater Spring at 5300 feet. This remote and 
seldom-visited northwestern portion of the Park is characterized by wet 
montane meadows and sphagnum bogs that extend about one-half of a mile 
along either side of Crater Creek from its origin at Crater Spring. The 
boggy area to the south of Crater Creek contains three ponds that abound 
with Ambystoma gracile. Two of these ponds are small, not more than six 
feet in diameter, but the third is larger—about 25 feet long and 10 feet wide. 
Each pond is surrounded by a floating mat of vegetation and the sides drop 
off almost vertically to a depth of from four to six feet. From these three 
small bodies of water, we have collected nine large neotenic larvae (CLNP 
480, WSC 51-287, WSC 51-288), which have a mean total length of 165 
mm. (snout to cloaca mean length 79.3 mm.) and smaller larvae (CLNP 
476), which fall into two size classes. The 12 larvae that make up the smaller 
of the two size groups range in total length from 23 mm. to 31 mm. with a 
mean of 25.8 mm. The single larger larva has a total length of 56 mm. 

Along the northern side of Crater Creek, this species occupies a bog pond 
that is almost filled with vegetation. This is a roughly circular body of water 
about 120 feet in diameter, surrounded by an extensive floating mat of vege- 
tation extending into the pond as its bottom. Sedges and aquatic plants 
protrude from this floating mat through the water surface, leaving only small 
patches of open water. Large larvae were seen in this pond; our collection 
consists of two smaller individuals (CLNP 510) with total lengths of 109 
mm. (54 mm. snout to cloaca) and 79 mm. (38 mm. snout to cloaca). 

In the vicinity of the Park we have collected this species in Douglas 
County in a cut-off section of the Rogue River below Hamaker Meadows at 
4000 feet (CLNP 508—large neotenic larva) and at Spruce Lake (CLNP 
453, 454, 489, 473, 479, 483, 486) in Jackson County near the west boun- 
dary. Our several visits to Spruce Lake during the first two weeks of Sep- 
tember, 1951, revealed an A. gracile population made up of large neotenic 
larvae, smaller larvae of several size classes, metamorphosing larvae and 
completely metamorphosed individuals. 

In each of the four localities where we have collected this species, its 
globular egg masses have been conspicuous. On July 25, 1951, in the cut- 
off portion of the Rogue River, we found that hatching had already taken 
place in some of the egg masses but in others the embryos were present in 
the gel. At Spruce Lake on August 31, 1951, at least 150 masses of gel 
were seen, hatching having taken place sometime prior to that date. We were 
extremely interested to find on September 22, 1951, in a bog pond along the 
northern side of Crater Creek, an egg mass of this species containing well- 
developed embryos (CLNP 511). This unhatched egg mass, along with the 
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various size groups of small larvae that we have found in Spruce Lake and 


in the bog ponds near Crater Creek, indicate a long egg-laying season for this 
species. 


AMBYSTOMA MACRODACTYLUM MACRODACTYLUM Baird—Long- 
Toed Salamander 
Amblystoma macrodactylum, Evermann (1896:235). Ambystoma macrodactylum, 
Campbell (1931); Fitch (1936:636); Brode (1938:52); Slevin (1938:29); Gordon 
(1939:53); Bishop (1943:139); Farner (1947:259); Funkhouser (1949:13). Amby- 
stoma macrodatylum {sic}, Vincent (1947a:19). Ambystoma macrodactylum macro- 


dactylum, Mittleman (1948:93). 

This species occurs abundantly in the adult stage beneath the rocks and 
logs at the water line of the lake; it occurs much less abundantly at other 
suitable localities in the Park. Its abundance along the shore of the lake was 
first described by Evermann (1896:235) who found it beneath Red Cloud 
Cliff, in Eagle Cove, and on Wizard Island; he collected more than 100 speci- 
mens (USNM 39549-163 etc., 39880, 39881) and noted that many more 
could have been taken. Since that time this abundance has been noted 
by Campbell (1931:1), Slevin (1938:29-30), Heath (1938), Farner 
(1947:259), Vincent (1947a:19), and Funkhouser (1949:13). 

Our own observations also have shown the adults to be extremely abun- 
dant beneath the rocks and driftwood at the water line. As an example of 
their abundance, one of us collected 45 adults (CLNP 372) of this species 
in 30 minutes, on August 4, 1951, along 100 yards of shore line in Eagle 
Cove; thirteen were under a single flat rock with a surface of about 1.5 square 
feet. Larvae are found less abundantly in the water among the rocks along 
the shore. 


Elsewhere in the Park, this species has been found at the Beaver Ponds 
on Copeland Creek by Campbell (1934:1) and in Munson Meadow by 
Vincent (1947:19). The larvae noted by Heath (ms, 1938) in a pond on 
Whitehorse Bluff in August, 1938, doubtless were of this species. We have 
records from Munson Meadow (CLNP 402, 403, 423, 427—adults and 
larvae), Whitehorse Bluff (CLNP 383, 426, 439, 450—adults and larvae), 
headwaters of National Creek (CLNP 382—adults and larvae), Boundary 
Springs (CLNP 58—one adult), cut-off portion of Wheeler Creek at 5570 
feet (CLNP 424—larvae only), cut-off portion of Red Blanket Creek at 5550 
feet (CLNP 471—larvae only) and from a pond southeast of Arant Point 
(CLNP 477—larvae and an adult). 

In the vicinity of the Park, we have collected this species from the Wil- 
liamson River (Klamath County) near Kirk (CLNP 386—metamorphosing 
larvae), from a cut-off section of Miller Creek (Klamath County) near Miller 
Lake (CLNP 365—larvae), Spruce Lake in Jackson County (CLNP 482— 
adults and larvae), and from Lake West in Douglas County (CLNP 62, 
371, 449—larvae, metamorphosing larvae and adults). Newly metamor- 
phosed adults of this species become extremely abundant in and under woody 
debris around the shoreline of Lake West during the time that metamorpho- 
sis is taking place. Although we were able to find only four adults around 
this lake on July 19, 1951, hundreds of newly metamorphosed individuals 
wete seen on August 30. Larvae in varying stages of metamorphosis were 
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also abundant in the shallow water at the shoreline on this date. On Septem- 
ber 4, 1948, it was not unusual to find in excess of 100 young adults in a 
single rotted log. On September 6, 1949, 108 were found beneath a single 
12-foot board. 

Our knowledge of the life history of this species in the Park is somewhat 
fragmentary. During the 1951 season, we attempted to increase our under- 
standing of this life history by periodic visits to some of the bodies of water 
in which we had found macrodactylum larvae. The larval salamanders inhab- 
iting a small temporary pond on Whitehorse Bluff (6250 ft.) interested us 
particularly because the temporary nature of this pond suggested that these 
salamanders had come from eggs deposited during the spring of 1951. When 
we first visited this pond on July 22, it had a maximum depth of about three 
feet and an area of approximately 5100 square yards. In addition to an 
abundant population of larval Ambystoma macrodactylum, the pond con- 
tained various aquatic insects and fairy shrimp, Streptocephalus. Ten of the 
salamander larvae collected during this visit (CLNP 383, 22 July 1951) 
had a mean length of 32.1 mm. By the 9th of August, the pond had 
decreased considerably in size and the five larvae collected at this time (CLNP 
439) had grown to a mean length of 45.8 mm. By the 19th of August, the 
pond had shrunk to a small puddle having a surface of about 30 square yards. 
Only a few inches of water remained and the salamander larvae were thickly 
aggregated in this small area, resting in and upon the mud. The area was 
thoroughly searched for metamorphosed individuals, but none could be found 
in the moist, rotting logs that abound in the vicinity of the pond. Ten larvae 
collected on this date (CLNP 426) had a mean length of 47.4 mm. A final 
visit was made to this pond on the 29th of August. During the intervening 
ten days, it had dried up and had then partially refilled with water from the 
rain and snowfall of August 28. The dead remains of salamander larvae 
were conspicuous on the muddy surface of the re-formed puddle. A thorough 
search of the moist woody debris in the vicinity revealed five recently meta- 
morphosed salamanders of this species (CLNP 450), two of which still pos- 
sessed short, unabsorbed gill filaments. The mean length of these five 
metamorphosed specimens was 47.8 mm. 

The observations on Whitehorse Bluff suggest a relatively simple life 
history, with egg deposition as soon as the pond water becomes available in 
the spring and metamorphosis late in the summer. Observations made in 
permanent bodies of water indicate that the life history does not always follow 
this simple pattern. In a pool in Munson Meadow (6230 ft.) we have 
simultaneously collected adults (CLNP 402, 423) and larvae of two sizes. 
The smaller larvae (CLNP 403, 17 August 1951, and CLNP 427, 25 August 
1951) vary in total length from 25.3 mm. to 37.8 mm. in a trimodal distribu- 
tion suggestive of three separate egg groups. The single large larva (CLNP 
402, 17 August 1951) has a total length of 93.4 mm. This is very similar 
to the length (88.4 mm.) of an adult (CLNP 423, 25 August 1951) taken 
at the same pool, and to metamorphosing larvae from the lake (CLNP 372, 
21 July 1951) and from Williamson River (CLNP 386, 11 July 1951). We 
interpret this large larva as evidence for the possibility of a two-season larval 
life in the life history of this salamander. Furthermore, it seems probable 
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that the smaller larvae in the Munson Meadow pool in 1951 would not meta- 
morphose until sometime after the thawing of this pool in 1952, inasmuch 
as they showed no signs of metamorphosis on the 20th of September, at most 
only a few weeks before heavy snows may be expected in the Park. 

Two sizes of larvae have been collected from the lake. The smaller of 
these two size groups consists of two individuals collected during the first 
week of September, 1951, in a partially cut-off pool on Wizard Island behind 
the Government Boathouse (CLNP 451). These two macrodactylum larvae 
have a mean length of 41.5 mm. Elsewhere in the lake we have found only 
large (about 90 mm.) larvae. These are equivalent in size to the adults found 
beneath the rocks and have been taken throughout July, August, and Septem- 
ber in various stages of metamorphosis. Series collected on July 21, and 
August 4, 1951 (CLNP 372, 367), are typical of the large larvae, metamor- 
phosing individuals and adults that constitute the population of this species 
as it is commonly observed along the shore of the lake. We believe that these 
data indicate a two season larval life for the long-toed salamanders that live 
in the lake. 

A number of tentative conclusions may be drawn from these observations. 
(1) This species of salamander may complete its life cycle from egg through 
metamorphosis in a single season of about two months as shown by the indi- 
viduals in the temporary pond on Whitehorse Bluff. (2) In permanent 
pools, such as the one in Munson Meadow, the larval life may extend through 
two seasons. (3) The large, metamorphosing larvae of the lake indicate that 
in that body of water two seasons are consistently required for growth through 
metamorphosis. (4) The various size groups of larvae, conspicuous in the 
permanent pools outside the lake suggest a long egg-laying season. Certain 
of these conclusions verify the observations of Slater (1936). Moreover, 
with the exception of the lake, the habitats in which we have found larvae are 
similar to those described by him. 

Hubbard (1933), Brode (1938), and Wallis (1947) note that Crater 
Lake fish take a small number of salamanders as food; unfortunately the 
species involved is not noted. According to Farner (1947:260), the adult 
Ambystoma macrodactylum obtain food primarily by scavengry. The bulk 
of the food was found to consist of terrestrial arthropods; some aquatic insect 
larvae were also taken. 


ENSATINA ESCHSCHOLTZII OREGONENSIS (Girard) —Oregon Red Salamander 


The occurrence of this salamander in Crater Lake National Park is known 
only from a single specimen (CLNP 390) found beneath a pile of boards 
near Annie Spring (about 6080 ft.) on August 7, 1951, by Lawrence Bisbee. 
Although allocated to oregonensis the specimen is actually intermediate be- 
tween oregonensis and platensis (Espada) according to the revision of 


Stebbins (1949). 


ASCAPHUS TRUEI TRUE! Stejneger—Northwestern Ribbed Frog 


Ascaphus truei, Campbell (1934:1). Ascaphis truii [sic], Vincent (1947a:20). 
Ascaphus truei truei, Mittleman and Myers (1949:62). 


This distinctive species is known only from three streams in the western 


portion of the Park. Berry Campbell collected it from Bybee Creek on July 
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3, 1934 (USNM 95226-9), and on July 25, 1935 from Copeland Creek 
(USNM 95230-1). James P. Heath obtained specimens (SU 3920) from 
Castle Creek on September 10, 1938. With the assistance of E. J. Bucknall 
and Lawrence Bisbee, on August 8, 1951, we were able to obtain one larva, 
one adult female, and three adult males (CLNP 350, 351, 352) from Bybee 
Creek (5800 ft.). Our attempts to find it elsewhere in the Park have been 


unsuccessful. 


BUFO BOREAS EOREAS (Baird and Girard)—Northwestern Toad 


Bufo boreas boreas, Campbell (1934:1); Fitch (1936:639); Gordon (1939:60); 
Vincent (1947a:21); Funkhouser (1949:13). 

This toad is moderately common throughout the Park up to elevations of 
about 7000 feet. Larvae may be found in considerable abundance along the 
lake below Hillman Peak, and in Eagle Cove, in pools in Munson Meadow, 
and in Annie Creek Canyon. We have adult specimens from Garfield Peak 
Trail (7090 ft., CLNP 357), Rim Village (7076 ft., CLNP 358), Wizard 
Island (CLNP 54), Annie Creek Canyon (5400 ft., CLNP 14), Eagle Cove 
(CLNP 353), Boundary Springs (5350 ft., 394), and the lakeshore beneath 
Hillman Peak (CLNP 456). We have larval specimens from Annie Creek 
(4500 ft., CLNP 462), Eagle Cove (CLNP 461), lakeshore beneath Hill- 
man Peak (CLNP 456), Munson Meadow (6230 ft , CLNP 406), and from 
a small pond along Wheeler Creek (5570 ft., CLNP 430). This species is 
extremely abundant at Diamond Lake, a few miles north of the Park. 


HYLA REGILLA Baird and Girard—Pacific Tree Frog 


Hyla regilla, Campbell (1934:1), Fitch (1936:40), Vincent (1947a:20), Funk- 
houser (1949:13). 

The Pacific tree frog is fairly common throughout the Park up to eleva- 
tions of about 7000 feet. They may be heard at Park Headquarters (6476 
ft.) as early as the first week in July when there is still much snow on the 
ground. We have specimens from Rim Village (7100 ft., CLNP 9), Mun- 
son Meadow (6300 ft., CLNP 342), between Annie Creek and Sun Creek 
(4750 ft., CLNP 271), Annie Creek, (4500 ft., CLNP 460), Crater Spring 
(5350 ft., CLNP 396), Boundary Springs (5350 ft., CLNP 395), a pond 
southeast of Arant Point (6250 ft., CLNP 474), and the shore of the lake 
beneath Hillman Peak (6160 ft., CLNP 457). At the last locality many 
larvae were observed in metamorphosis on September 1, 1951; they were 
associated there with Bufo boreas. We have observed regilla also at Park 
Headquarters, in Copeland Creek canyon and in the beaver ponds on Cope- 
land Creek. Larvae may be found in considerable abundance in the ponds 
in Munson Meadow. Campbell (1934:1) recorded it from Twin Springs 
and Vincent (1947:20) observed it at Red Cone and on Wizard Island. In 
the vicinity of the Park we have found it to be common at Diamond Lake, 
Spruce Lake and Lake West. 


RANA CASCADAE Slater—Cascade Frog 


Rana aurora, Evermann (1897:235). Rana aurora aurora, Storer (1925:230); 
Gordon (1939:61). Rana pretiosa pretiosa, Campbell (1934:2); Fitch (1936:641); 
Gordon (1939:64). Rana pretiosa, Slevin (1938:136); Pickwell (1947:20). Rana 
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cascadii {sic}, Vincent (1947a:20). Rana boylii boylii, Vincent (1947a:20; 1947b:22). 
Rana cascadae, Funkhouser (1949:12); Dunlop and Storm (1951:81). 


This species is extremely abundant along all of the water courses and 
spring areas in the Park. It also occurs along the shore of the lake. It was 
first observed, apparently, by Evermann (1897) in 1896; a specimen was 
taken from the lake and several were seen at the spring near the camp of his 
party. Since that time its abundance has been noted by all who have written 
about the amphibians of the Park. 

We have adult specimens from Castle Crest (6400 ft., CLNP 324), Mun- 
son Meadow (6300 ft., CLNP 341), Annie Creek (4500 ft., 350), East 
Fork, Annie Creek (6300 ft., CLNP 337), Sun Meadow (6800 ft., CLNP 
347), Red Blanket Creek (5600 ft., CLNP 333, 487), Castle Creek (6100 
ft. CLNP 324), Bybee Creek (6863 ft., CLNP 340), Copeland Creek 
(5000 ft., CLNP 26), Crater Spring (5350 ft., CLNP 391), National Creek 
(5290 ft., CLNP 397), Boundary Springs (5350 ft., CLNP 393), Sand 
Creek Canyon (5250 ft., CLNP 28), Wheeler Creek Canyon (5850 ft., 
CLNP 25) and Maklaks Spring (5450 ft., CLNP 349). There are speci- 
mens of larvae and/or recently metamorphosed individuals from Munson 
Meadow (6300 ft., CLNP 73, 405) and Copeland Creek (5400 ft., CLNP 
348). 

Although our information on the life history of this species is somewhat 
fragmentary, it may nevertheless be of some interest. Larvae may be found in 
pools varying greatly in depth, surface area, temperature, and amount of 
cover. They are found frequently in temporary pools. The eggs are depos- 
ited in June or early July. Sometimes, at least, they are deposited in water 
beneath snow. On July 1, 1948, a mass of gel containing embryos was col- 
lected from a pool in Munson Meadow that had been uncovered from snow 
less than seven days. The embryos had already attained a stage of develop- 
ment requiring substantially more than a week. On July 3, these embryos 
(3-7 mm. in length) were showing sporadic movements. Metamorphosis 
occurs during the first summer when body length is 20-25 mm. Individuals, 
which we interpret to be in their second summer, have a body length of 35- 
50 mm. The largest group, 65-80 mm., would appear to be in the third 
summer or older. The relative abundance of the smaller size group in com- 
parison to the latter supports this supposition. 

Although we have not studied the situation exhaustively, we believe the 
form in the Park approaches cascadae more closely than it approaches any of 
other closely related species. The specimens in our collections display a great 
deal of variation. In some the skin is smooth and in others extremely pustu- 
lose. The ground color varies from dark in some specimens to light in 
others. In all of our specimens the heel reaches the eye and sometimes slight- 
ly beyond the nostril. That this form has in the past been confused with 
Rana aurora and Rana pretiosa indicates a possibility of intergrading popula- 
tions. Although we have compared our material with topotypes of cascadae 
we are not prepared to solve the relationships of these three forms. Slater 
(1939) in his description of cascadae states that it overlaps with aurora in the 
Hudsonian zone of the Cascades of Washington. We are unable to see any 
constant differences in our collections of the genus Rana in the Hudsonian 
and Canadian zones. Admittedly, however, differences could be obscured by 
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the extensive variability of our material. Dunlop and Storm (1951) have 
assigned specimens from Crater Lake to cascadae. 

Vincent (1947b) reported Rana boylii Baird from the Park on the basis 
of a single specimen (CLNP 222), collected on July 2, 1947. This immature 
specimen, on which Vincent’s record is based, is referable to cascadae. It 
seems probable that the misidentification resulted from the immaturity of the 
specimen. According to Fitch (1938a) boylii is common in suitable habitats 
in the Rogue River Basin and at Lake of the Woods (Klamath County). He 
has also collected it along the Klamath River north of the state boundary 
(Klamath County). Although it is therefore possible that this species may 
occur in the Park, there is as yet no positive evidence. 


SCELOPORUS GRACIOSUS GRACiLIS Baird and Girard— 
Northern Mountain Lizard 

Although lizards of the genus Sceloporus are abundant in the Klamath 
Valley and in the Rogue River basin (Fitch 1936:642) they are seen only 
infrequently in the Park. We have specimens from Wheeler Creek Canyon 
at the East Entrance (CLNP 41, 466) and Annie Creek one-fourth mile 
south of the South Boundary (CLNP 43). We have observed these lizards 
in the dry area along the east side of Annie Creek within the Park but have 
been unable to procure specimens. We have seen one along the Rim above 
the Palisades (6500 ft.). 


PHRYNOSOMA DOUGLASSII DOUGLASSII (Bell)—Pigmy Horned Toad 


Phrynosoma sp., Campbell (1934:2). Phrynosoma douglassi douglassi [sic], Vin- 
cent (1947a:22). 


The occurrence of this species in Crater Lake National Park is problemati- 
cal. Campbell (1934:2) states that he saw a specimen of a horned toad 
“which had been caught by the CCC boys of Wineglass Camp in the woods 
several miles down the motorway which leaves the Wineglass and goes toward 
the northern boundary.” This would be at an elevation of 5500-5700 feet 
and in the arid ponderosa pine forest with sage and manzanita. Joseph S. 
Dixon (field notes) obtained a specimen (MVZ 40761) of a horned toad 
collected by James Tucker “on August 15, 1944, at 6000 feet on pumice 
desert 5 mi. N. of Crater Lake about half way between Grouse Hill and Tim- 
ber Crater.” Since this species is not uncommon in suitable habitats at lower 
elevations in Klamath County, its occurrence in the above-cited areas in the 
Park would not be unusual. On the other hand, it is necessary to remember 
that horned toads are frequently acquired and kept as pets; this must be con- 
sidered with respect to the Crater Lake records. We have diligently searched 
for this species in the above-cited localities with no success. 

ELGARIA COERULEA SHASTENSIS (Fitch)—Northern Alligator Lizard 

Gerrhonotus sp., Campbell (1934:2). Gerrhonotus coeruleus principis, Fitch 


(1936:642); Gordon (1939:69); Vincent (1947a:21). Gerrhonotus coeruleus shastensis, 
Vincent (1947a:21). 


The alligator lizard is rarely seen within the Park. Our total collection 
consists of three specimens from the following localities: Summit of Union 
Peak (7698 ft., CLNP 360); along Copeland Creek (5400 ft., CLNP 44) 
and the rock slide near Park Headquarters (6400 ft., CLNP 313). Fitch 
(1936:642) also reports a single specimen taken within the Park. Our 
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specimens are actually intermediate between principis and shastensis but have 
been assigned to the latter subspecies because of the predominance of shastensis 
characters. 


THAMNOPHIS SIRTALIS FITCHI Fox—Northwestern Garter Snake 


Thamnophis leptocephalus, Evermann (1897:235). Thamnophis sirtalis infernalis, 
Campbell (1934:2). Thamnophis ordinoides, Brode (1938:52). Thamnophis sirtalis 
ssp., Vincent (1947a:21). 


This snake is fairly common in suitable localities in the Park. We have 
observed it most frequently along the lakeshore, on Wizard Island, along 
upper Copeland Creek and around a pond in a sphagnum bog south of Crater 

reek Motorway Spur. Its presence has also been noted in some of these 
localities by Campbell (1934:2) and Vincent (1947a:21). We have speci- 
mens from Wizard Island (CLNP 46, 47, 48, 57, 59), Copeland Creek 
(CLNP 45), Eagle Cove (CLNP 465) and Red Blanket Creek (5550 ft., 
CLNP 470). The population along the lakeshore and on Wizard Island is 
of interest because of considerable numbers of slate-gray individuals with no 
markings whatsoever (CLNP 48, for example). It is possible that the con- 
formance of this color with the color of the rocks in the environment may 
be of selective value. 
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Preliminary Notes on the Ecology of Freshwater 
Algae in the Arctic Slope, Alaska, with 
Descriptions of Some New Species 


G. W. Prescott* 
Michigan State College, East Lansing 


Whereas a few reports have been published on freshwater algae of eastern 
Arctic America (e.g., Cedercreutz, 1944; Dickie, 1880; Dutilly & Lepage, 
1946; Gardner, 1949; Jennings, 1936; Lowe, 1923; Whelden, 1947) we have 
practically no knowledge of the flora in northern Alaska. Saunders (1901) 
has made a heipful contribution to a knowledge of Alaskan algae, but his 
report is based on collections below the Arctic Circle. Most of out informa- 
tion on these plants in the Arctic has come from the surveys made in Green- 
land, Lapland, and northern Russia (e.g., Boergesen, 1896, 1901, 1917; 
Bohlin, 1893; Boldt, 1885, 1893; Borge, 1891, 1892, 1894; Gronblad, 1924; 
Kossinskaja, 1956; Krieger, 1938; Lagerheim, 1883, 1884, 1884-a, 1894, 1900, 
Larsen, 1907; Nordstedt, 1872, 1875, 1885; Voronikhin, 1930; Wille, 1879, 
1880; Wittrock, 1872, 1883, and many others). A survey of western Arctic 
algae is highly desirable, therefore, from both a taxonomic and an ecological 
point of view. We need to determine the circumpolar distribution of species 
and also to determine the extent to which temperate zone algae are distributed 
in the Arctic. 

The Arctic slope in northern Alaska is a supposedly unglaciated, nearly 
flat tundra, sloping gently from the Brooks Range to the Arctic Ocean, lying 
within 67°-71° 21’ N. Lat. Throughout this plain are innumerable lakes, 
the larger ones of which are curiously oriented northwest-southeast. The 
lakes vary in size from ponds a few acres in area to bodies of water 5 to 20 
miles or more in length. Between the lakes occur hundreds of thousands of 
small ponds and swales, and between these are pools, seeps, and ditches so 
that in many sections there is more water than land surface (71°-71° 10 N. 
Lat., 156° 20’-156° 40’ W. Long., e.g.). 

Environmental conditions would seem to be somewhat uniform throughout 
much of this monotonous expanse, and whereas a corresponding similarity 
might be expected to exist in the algal flora of the lakes, such has not been 
found to be the case. The Arctic Research Laboratory with its facilities for 
both outdoor and indoor operations is being used as a base for a survey of 
the algal flora of the Arctic slope. In following out the taxonomic objectives 
of this investigation analyses are being made of the pertinent limnological 
factors to determine what correlated conditions exist which might explain the 
variability in the flora of closely situated lakes. A year-around investigation 


* This study was carried on under a contract with the Office of Naval Research. 
Contents of this paper have been cleared for publication. The author wishes to express 
appreciation to the Arctic Research Laboratory at Point Barrow and to the Office of 
Naval Research for providing the facilities which have made possible a survey of the 
algae in Petroleum Reserve No. 4. 
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is now in progress (1952-1953) whereas in 1951 only late summer collections 
were made. After a preliminary reconnaissance several lakes were chosen for 
making a comparative study, and accordingly bi-weekly collections of algae 
(quantitative and qualitative) and limnological samples were taken in the 
summer of 1951. During 1952 the same sequence of collections was made 
but extended to include late spring and midwinter periods. 


The pH of practically all of the larger lakes in the Barrow region (2 to 3 
M. in depth) is found to be on the basic side of neutrality (Ikrowik Lake, 
pH 7.0-7.1, which in the summer showed a pH of 6.8; Imerksungk Lake, pH 
7.3; Imikpuk Lake, pH 7.5; Radio Pond, pH 8.1; see chart). But whereas 
many small ponds and tundra pools are found to have the same pH condi- 
tions as the larger lakes the majority of these are below neutral, some being 
as low as pH 5.3. The tundra pools which have a pH lower than neutral 
in almost every instance are those which are characterized by an aquatic plant 
association that includes Hippurus vulgaris, Ranunculus Pallasii and, being 
shallow, are frequently overgrown with Arctophila fulva. Not infrequently 
these acid water ponds are surrounded or nearly so by Sphagnum spp. What- 
ever the significance may be. it is to be noted that Arctophila fulva expresses 
itself in a gray-green strain when it grows in acid or slightly basic ponds, 
rather than being rusty red as it normally is or when growing in basic situa- 
tions. This was found to be such a consistent relationship that the gray-green 
strain of the grass was used to locate ponds which had a predominantly 
chlorophycean-desmid flora, the red-colored grass occurring in association 
with a cyanophycean-diatom flora. Although Nostoc commune is of wide 
distribution and occurs in almost any aquatic habitat as well as upon the 
moist tundra mat, this species occurs in grent abundance in swales overgrown 
with the red form of Arctophila fulva. 

A type of desmid habitat with a low pH is the tundra ditch formed 
naturally between polygon ridges, or in the old tracks left by mobile units. 
In the latter, which are 2 or 3 years old, water has leached the broken and 
crumbled tundra and has accumulated enough nutrients and acids from the 
exposed soil to become a rather unique and relatively rich algal habitat. The 
water is dark with humic acids and the bottom is a layer of rusty-colored 
colloidal matter and organic debris. Associated with desmids in such a habi- 
tat is a dense growth of motile algae which ordinarily are found in water 
relatively well-supplied with nutrients such as phosphorus and_ nitrogen. 
Chlamydomonas spp., Pandorina morum, Chroomonas spp., Dinobryon spp. 
and Euglena spp. are invariably present in large numbers, together with a pro- 
fuse zoogloea of bacteria and fungi which form balloon-like masses over the 
ends of submerged grass leaves and moss stems. Likewise ditches, in which 
water has seeped from the tundra crumbled by ice and frost action, often 
support a desmid flora and have a pH which may be as low as pH 5.3. 

A conspicuous element of the terrestrial algal flora in habitats that are 
rich in nitrogen (skeletons of animals, including human skeletons) is Prasiola 
crispa. This species is often associated in aquatic habitats with Monostroma 
amorphum. 

The midsummer water temperatures, which are regarded as being of little 
or no significance, are about 5° C. The Oz content is correspondingly high, 


1953 PrescoTT: ALASKAN FRESHWATER ALGAE 465 


10 20 30 40 50 60 r4e) 80 90 100 


IKROWIK TOT i780 


IMERK SUNGK TOT. 7673 


IMIKPUK CA 
PH 76 
SKIMO 25 
for 20,467 
DIAT 10,23) 
PH 77 
RIDGE 380 
for 78 8 
DIAT 5115 


RADIO 
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Barrow region in relation to pH and alkalinity. (The total number of organisms per L. 
in Imikpuk Lake and Radio Pond are not completely expressed by the horizontal bars.) 

Numbers 1-10 indicate: pH; CO, ppm. in units of 5; total number of organisms per 
L. in units of 5000; Diatoms per L. in units of 5000, Numbers 10-100 indicate: Calcium 
ppm.; Methyl Orange Alkalinity ppm. 


PH 
20-8 
PH 73 
co2 20 
57 
7673 
PH 
cO2_ 30 
PH 
63-0 
660. 
Dat 


466 THe AMERICAN MIDLAND NATURALIST 50 (2) 


being as much as 12 ppm. The COs, on the other hand is relatively low (see 
chart), most lakes having only 2 ppm. or 3 ppm. In correlation with the 
pH of various lakes, Methyl Orange alkalinity was found to vary consider- 
ably (Ikrowik Lake, 8.5 ppm.; 66 ppm. in Radio Pond which has a pH of 
8.1). The latter lake had the greatest phytoplankton productivity of any 
investigated (619,420 organisms per L.). This relationship between the 
amount of M. O. alkalinity and plankton production is in almost direct 
proportion also in other lakes studied. This is to be expected inasmuch as 
high alkalinity nearly always is correlated with an abundance of bicarbonates 
from which photosynthetic organisms may draw COs, thus making possible a 
more profuse growth. Lakes with a normally low CO, content and a low 
M. O. alkalinity are correspondingly poor producers (Ikrowik, Imerksungk 
Lakes). A low calcium content, however, is not always correlated with low 
M. O. aikalinity, as in Imerksungk Lake, for example, which has a calcium 
reading of 57.0 ppm. at a time when the M. O. alkalinity was 17.0 ppm. 


To determine phytoplankton productivity, counts were made from several 
selected lakes. The average midsummer counts, both total and for numbers 
of diatoms, are plotted on the accompanying chart. Subsequent chemical 
analyses should provide an explanation for the quantitative difference in the 
lakes under investigation. 

The high degree of variation in the quality of the flora in respective lakes 
is as yet unexplainable, although intriguing. Skimo Lake, lying about one- 
half mile southwest from Barrow village, for example, has a profuse develop- 
ment of Pediastrum spp. (P. Boryanum, P. duplex, P. simplex) which on 
some days reached practically ‘bloom’ proportions. It is unusual for this 
genus to ‘occur in such quantities as to color the water. Other lakes lying in 
the immediate vicinity show no or scarcely any Pediastrum, thus suggesting 
the presence of a particular set of determiners conducive to the development 
of these species in Skimo Lake. 

Imikpuk Lake, near Point Barrow Base, presented a veritable ‘bloom’ of 
Uroglenopsis americana in midsummer tow samples, but the organism was 
not found in other lakes in the Barrow region. Also in this lake are 2 spe- 
cies of Vaucheria which together form a mat over most all portions of the 
bottom, apparently, where water is deep enough to provide protection from 
wave action. This too appears to be a unique situation for no other lake 
investigated had such a blanket, although Vaucheria is common enough over 
the tundra in seeps and in other subaerial habitats. The bulky vegetation in 
Imikpuk Lake obviously plays an important role in the productivity of animal 
life and illustrates an element of the biota which cannot be measured in ordi- 
nary routine limnological examinations relating to productivity factors. 

In Radio Pond (about 100 feet in diameter) lying 2 miles west of Point 
Barrow Base, the extraordinary plankton count of 619,420 organisms per L. 
(see Chart) is accompanied by a high pH (pH 8.1) and by an abundance of 
electrolytes, the M. O. alkalinity being as much as 66 ppm. The water was 
colored (unusual for Arctic ponds) mostly from Ankistrodesmus convolutus 
(611,304 cells per L.). As might be expected Oy was abundant at the time 
this ‘bloom’ occurred (11.2 ppm.): COs was 2.0 ppm. and iron 0.005 mg. 
per L. In general the larger lakes are relatively barren of phytoplankton 
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while at the same time they support a profuse faunal population of micro- 
crustacea (Daphnia, Eubranchipus). Diatoms seem to be the chief contribu- 
tors in the food chain within such lakes. 


Pools in the tundra lying but a few feet apart often show marked varia- 
tions in their algal flora composition. Euglenoids (Trachelomonas spp., 
Phacus spp., Euglena spp.) frequently occur in sufficient numbers to color 


the water here and there within a pool, whereas a neighboring one is practical- 
ly sterile. 


The well-known variations between one body of water and another in 
respect to the biota are thus magnified here where all the obvious growth- 
determining factors are apparently identical. One is tempted to resort to the 
speculation that growth-inhibiting and growth-producing substances liberated 
by organisms themselves account for the variations ir. the quality of the flora. 
In any case, it is obvious that there is a particular combination of optimal 
physico-chemical factors, involving micro-climatic variables, which determine 
the differences in the flora of closely approximated ponds. It is hoped that 
subsequent analyses of the habitat may provide an answer to this question. 

Among the numerous algal species collected thus far, many of which are 


interesting because the range of distribution has been greatly extended for 
them, are some which are new to science. 


Pseudendoclonium arctica sp. nov.* 


Thallus massa irregularis mucilginis solidi fila brevia, torta, dissociata, radiatim ordi. 
nata includentis, cellulae fili subcylindricae polygonalesve, saepe non se contingentes, fila 
dichotome sed irregulariter ramosa cellulis terminalibus in apicem ontusum olerumque sub- 
attenuatis; zoosporae (?) quattuor in cellula globosa lateraliter in filo producta formata, 
aut ut segmentum cellulae singularis abscisae; chloroplasti 1, 2 vel 4, parietales, lamini- 
formes, omnibus pyrenoideum habentibus (?); cellulae 4.5-6.5 mu diam., 4.6-10.5 yw long. 
P. III. 

Thallus an irregularly shaped mass of firm mucilage inclosing radiately arranged, 
dissociated, crooked short strands of subcylindrical or polygonal cells, the cells within 
individual series frequently not in contact, the strands branching dichotomously but irreg- 
ularly, the termnial cells usually tapering slightly to a blunt apex; zoospores (?) formed 
4 in a globular cell borne laterally on a strand, or cut off as a segment of a solitary 
cell; chloroplasts 1, 2 or 4 parietal plates with a pyrenoid in each (?); cells 4.6-6.5 @ in 
diam., 4.6-10.5 w long. Pl. III. 

Floating lumps of mucilage 3-4 cm. in diameter in a small, shallow tundra pond, 3 
miles south of Point Barrow Base, Alaska. Ba. 133 (Holotype). Author’s herbarium. 

The thallus has the appearance and texture of Aphanothece stagnina, but the color of 
a Tetraspora. The arrangement of the short filaments is definitely radiate but the indi- 
vidual strands are irregular, usually consisting of not more than 4 or 5 cells. The plant 
could not be cultured in order to determine characteristics and reproductive habits. The 
common occurrence of cells with the protoplast divided into 4 spore-like bodies, however, 
suggested zoospore-formation. Within the mucilage many germinating spores and spore- 
lings were found (PI. III, Figs. 2-10) which had a Stigeoclonium-like appearance. The 
plant seems to have enough Pseudendoclonium characteristics to warrant the assignment to 
that genus, but the habit of growth and the type of thallus might necessitate designating 
it as a new genus. P. submarinum Wille is marine, but P. basiliense Vischer (1926) has 
been described from freshwater and its variety Brandii Vischer (1933) has been cultured 
from soil (Fritsch & John, 1942). 

P. arctica differs from other species in the genus by the gelatinous matrix which 
incloses radiately arranged, short, branched filaments. Thus the thallus is a complex of 


* The author is indebted to Dr. Hannah Croasdale for her assistance in preparing 
the Latin diagnoses. 
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numerous, scattered individual plants, each composed of but a few cells, these showing 
the same irregularity of arrangement characteristic of Psedendoclonium. The chloroplast 
(a parietal plate) is Chaetophoraceous and similar to that of P. submarinum Wille. 


Vaucheria crenulata sp. nov. 
Sec. CORNICULATAE; Subsect. RACEMOSAE 


Filamenta ubique symmetrice undulata, massas implicatas fluitantes formantia, ramos 
multos rhizoideos sine colore ferentia; gametangia pedicellata in ramis lateralibus brevibus, 
ex antheridio unico terimnali atque oogonio uno constantia; oogonium late ovatum aut 
subsphericale, membrana oogonii maturi longitudinaliter striata, praecipue prope porum, 
aut reticulo grosso incrassationum praedita, poro paululum deorsum verso; antheridium 
valde circinatum; oospora oogonium omnino complens, eadem forma, membranam lacuna- 
tam costatamque habens; filamenta vegetativa 36-39 uw diam., oogonium 94 # diam., 94- 
101 long.; oospora 83 diam., 94 long.; antheridium 18.4 diam. Pl. II. 

Filaments forming tangled, floating clots, symmetrically undulate throughout, bearing 
numerous colorless rhizoidal branches; gametangia pedicellate on short lateral branches, 
with one terminal antheridium and a single oogonium; the oogonium broadly oval or 
subspherical, when mature the wall longitudinally striate, especially near the pore, or with 
a coarse reticulum of thickenings, the pore directed slightly downward; antheridium strong- 
ly circinate; oospore the same shape as and quite filling the oogonium, the wall pitted 
and ridged; vegetative filaments 36-39 @ in diameter; oogonium 94 u in diameter, 94- 
long; oospore 83 in diameter, 94 long; antheridium 18.4 in diameter. 
Pl. II. 

Attached, but forming floating clots in Imikpuk (Freshwater) Lake, Barrow Base. Ba. 
193 (Holotype); Ba. 313-315 (G. W. Prescott Herbarium). Occurring with V. sessilis 
on bottom of lake. 

Vaucheria crenulata differs from other closely related species by the undulate filaments 


and by the pitted oospore wall. The latter character shows on mature spores, especially 
if plasmolyzed. 


Vaucheria pseudohamata sp. nov. 


Sec. CORNICULATAE; Subsect. RACEMOSAE 


Filamenta tegetem implectam affixam formantia, membranis saepe crassis lamellatisque, 
saepe septata, aplanosporas globosas ovatasve formantia; filamenta vegetativa atque aplano- 
sporae guttis olei intus conferte impleta; oogonia antheridiaque in ramis lateralibus brevi- 
bus producta; oogonium singulare terminaleque, ovatum globosumve, pore horizontaliter 
aut paululum deorsum verso, per antheridia 1, 2, vel 3, valde circinata, per septationem 
rami gametangialis a se interdum seiuncta, subtensum; oospora oogonium omnino com- 
plens, eadem forma, membranam plerumque crassuam, lacunatam, scrobiculatam aut cum 
nonnullis scrobiculationibus rugosa, habens; filamentum vegetativum (44)-59-69 mw diam., 
ramus gametangialis 57.5 @ diam.; oogonium 81-92 m diam., 115-119 m long.; oospora 
90-92 mw diam.; antheridium 23-29 w diam. PI. I. 

Filaments forming a tangled, attached mat, the walls often thick and lamellate, 
frequently septate, forming aplanospores intercalary which are subcylindrical, or globular 
or oval aplanospores at the ends of branches; contents of vegetative filaments and aplano- 
spores densely packed with oil bodies; oogonia and antheridia borne on short lateral 
branches, the oogonium solitary and terminal, oval or globose, with the pore turned 
horizontally or slightly downward, subtended by 1, 2, or 3 strongly circinate antheridia 
which may be separated from one another by septations of the gametangial branch; 
oospore the same shape as and quite filling the oogonium, the wall generally thick, pitted 
and scrobiculate or rugose with some scrobiculations; vegetative filaments (44)-59-69 4 
in diameter; gametangial branch 57.5 m@ in diameter; oogonium 81-92 mu in diameter, 115- 
119 uw long; oospore 90-92 mw in diameter; antheridium 23-29 m in diameter. Pl. I. 

Forming a mat in a trickle of water through a gully in the tundra near the sea, about 
1 mile west of Barrow village. Ba. 24. (Holotype); Ba. 268. Author’s herbarium. 

This species should be compared with V. terrestris (Vauch.) DeCandolle var. scrobi- 
culata (Magn. & Wille) Brown (1929). The Alaskan plant differs in having a smaller 
size, more irregular thickenings on the oospore membrane, and in the arrangement of the 
antheridia. In V. terrestris there is but a single antheridium on a gametangial branch. 
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Especially in the markings on the oospore wall V. pseudohamata differs from V. hamata 
(Vauch.) DeCandolle. (Goetz. 1897; Walz, 1866). 
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Prate I 


Figs. 1-4. Vaucheria pseudohamata sp. nov.—1. Gametangial branch, showing lamel- 
late walls of the vegetative filament; oospore with scrobiculate walls. 2. Habit of game- 
tangial branches with 2 antheridia. 3. Septations and beginning of aplanospore formation 
in the vegetative filaments. 4. Gametangial branch showing location of oogonium pore; 
the strongly recurved antheridia, the gametangial branch being septate between the two 


antheridia. 
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Pirate II 


Figs. 1-4. Vaucheria crenulata sp. nov.—l. Habit of gametangial branch and the 
undulate form of the filaments. 2. Gametangial branch showing reticulate markings in 
the wall of the oogonium. 3. Oogonium with oospore. 4. A section of the vegetative 
filament showing regular undulations. 
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Pirate III 


Figs. 1-12. Pseudendoclonium arctica sp. nov.—1. Portion of thallus showing radiately 
arranged short filaments in the colonial mucilage. 2-10. Stages in the germination of 
spores to form short filaments: Fig. 3, zoospore (?) formation. 11-12. Habit of thallus 
X1V/y life size. 
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The Production of Root Hairs by Aquatic Plants 


Edfred Loren Shannon* 


Cornell University, Ithaca, New York 


The roots of aquatic plants have received relatively little attention. They 
are the least known, least understood, and least appreciated parts of aquatic 
plants. A vivid mental picture of an aquatic plant seldom includes the roots 
or root hairs. The frequently grossly inaccurate statements regarding the 
nature and extent of root hairs in aquatic plants have suggested the need of 
the present study—an intensive survey of the occurrence of root hairs on the 
roots of aquatic plants. A record of such factual data is a necessaty pre- 
liminary step before it is possible to evaluate some of the opinions regarding 
the occurrence and functions of roots of aquatic plants. 


According to Schenck (1886), Sachs (1887), Ludwig (1891), Noll 
(1902), Forel (1902), and Brown (1913), the principal function of the roots 
is to anchor aquatic plants to the substratum. On the other hand, Frank 
(1890), Sauvageau (1891), Hochreutiner (1896), Pond (1905), Snell 
(1908) and Bourn (1932) hold to the view that the roots of aquatic plants 
function in the absorption of water and nutrients much as terrestrial plants. 


The supporters of the first view present no data on the occurrence of root 
hairs on aquatic plants. According to these authors, aquatic plants, being 
immersed and all parts being in contact with the water, do not “need to” 
incvease their absorbing surface by root hairs. Accordingly, they maintain 
that root hairs are absent or rare in aquatic plants. In support of the hold- 
fast function of roots, it has been pointed out that the roots of some aquatics 
are modified for this purpose; e. g., twining or coiled roots are common in 
species of Potamogeton, Zannichellia and Myriophyllum, Arber (1920). 
Well developed root caps with a spreading base function in anchoring plants 
so as to prevent the dislodgment of floating-leaved plants by agitation of 
water by waves, e. g., Brasenia schreberi, Schrenk (1888). 


The supporters of the view that roots function as organs of absorption 
have recorded only a few data on the occurrence of root hairs on aquatic 
plants. Some authors state that roots of aquatic plants do not produce root 
hairs unless they are growing in soil, Snell (1908), Cormack (1937), 
McDougall (1941), while others, Goebel (1891), state that some aquatic 
plants bear long root hairs but the roots do not enter the substratum. 


Materials and methods. The present study is based largely upon observa- 
tions on living plants of rooted vascular aquatic plants growing wild in New 
York State. This list of species was supplemented by the inclusion of several 


* The writer is greatly indebted to Professor Walter C. Muenscher for invaluable 
assistance and helpful suggestions during the progress of this study. 
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introduced aquarium plants and a few native species from other sections of 
the United States. The data recorded on root hairs are based on microscopic 
studies and observations of living plants taken from the wild or plants grown 
in the aquarium tanks in the greenhouses of Cornell University. In every 


species at least several, and in most species many, individual plants from 
different localities were examined. 


A total of 209 species representing 105 genera and 54 families was studied. 
Most of these species naturally grow rooted in mud, silt or sand on the bottom 
of shallow water. Many of these also produce roots in water but not in con- 
tact with the bottom. Roots growing in water as well as those growing in 
submerged substrata were examined for the presence of root hairs. In addition 
to the plants common in shallow water, several species were examined for each 
of the following habitats: submerged plants of deep lakes; plants of salt 
water and salt marshes; plants of tidal flats of the Hudson River; plants of 
acid sphagnum bogs. 


The following table shows the results of observations made on the several 
species that produced root hairs as indicated by the numbers after them. 


TYPHACEAE Potamogeton natans L. , 
Typha angustifolia L. .................._ |2|3|4|5 Potamogeton oakesianus Robbins... 
Typha latifolia Le | 
Mert. ... 
Sparganium Mia Potamogeton praelongus Wulfen... 
Sparganium angustifolium R nens..- | Potamogeton pulcher Tuckerm. .... 
! Potamogeton pusillus L, ...............- 
parganium eurycarpum Engelm... Potamogeton richardsonii A. Benn. 
Sparganium eee Potamogeton robbinsii Oakes 
(Morong) Rydb. ............... Potamogeton spirillus Tuckerm. . 
Potamogeton vaginatus Turcz. ...... 
POTAMOGETONACEAE Potamogeton zosteriformis Fern 
Potamogeton alpinus Balbis H Phyllospadix scouleri Hook 
Potamogeton nodosus Poiret .......... | Ruppia maritima L. .... 
Potamogeton amplifolius Tuckerm. Zannichellia palustris L.. 
Potamogeton illinoensis Morong Zostera marina I 
Potamogeton bupleuroides Fern. 
confervoides NAJADACEAE 
eichenb. 
Potamogeton crispus L. . | flexilis & &.. 
Potamogeton epihydrus | Naiae marina Alli 1dl 131415 
Potamogeton filiformis Pers. Najas minor TOME 
Naias muenscheri Clausen ....... 1d! 13/415 
Potamogeton foliosus Raf. . Naj R & B 
Potomogeton friesii Rupr. .... Cavers utters 
Potamogeton gramineus L. 2 
Potamogeton lIatifolius JUNCAGINACEAE 
(Robbins) Morong Lilaea subulata HBK. .......... . Ib} | |] 


EXPLANATION OF SYMBOLS: la—Plants of deep fresh water lakes and streams. 1b— 
Plants of shallow water ponds and marshes. 1c—Plants of salt water and marshes. 1d— 
Plants of tidal flats of Hudson River. le—Plants af acid bogs and margins of acid lakes. 
2—Seedlings produced by seeds germinated in water. 3—Plants grown from cuttings in 
water. 4—Plants grown from cuttings in wet sand. 5—Plants grown from cuttings in wet 


sphagnum. O0—Species that did not produce any root hairs under the conditions of this 
experiment. 
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Scheuchzeria palustris L. 
Triglochin maritima 
Triglochin palustris L 


ALISMACEAE 


Alisma plantago-aquatica L. | 
Alisma gramineum Gmel. ........ | 
Damasonium californicum Torr..... lb 
Echinodorus cordifolius | 
hotocarpus spongiosus | 
Engelm.) J. G. Smith | 
Sagittaria cuneata Sheldon .. | 
Sagittaria graminea Michx. .. 
Sagittaria latifolia Willd. | 
Sagittaria rigida Pursh. ‘s | 
Sagittaria subulata (L.) Buchenau Ic} 


BUTOMACEAE 


Butomus umbellatus L. 
Hydrocleys nymphoides “Buchenau 1b} | 


HypDROCHARITACEAE 


Elodea canadensis Michx. .............. la 
Elodea densa Casp. ......................... 
Elodea occidentalis ne 

St. John ....... 
Vallisneria americana Michx. ....... 


GRAMINEAE 


Calamagrostris canadensis 
(Michx.) Beauv. ......... 
Distichlis spicata (L.) Greene ...... Ic| |3/4|5 
Glyceria borealis (Nash) Batch..... 1b | 
Glyceria canadensis (Michx.) Trin. 1b 
Glyceria grandis Wats. .................... 1b | 
Glyceria melicaria (Michx.) Hub. 1b} 
Glyceria obtusa (Muhl.) Trin. ... 1b} | 
Glyceria septentrionalis Hitch....... | 
Glyceria striata (Lam.) Hitch 
Phalaris arundinacea L. ........... 
Phragmites communis Trin. 
Spartina alterniflora Lois. .............. 
Spartina pectinata Link ................ 
Zizania aquatica L. ........ ; 


CYPERACEAE 


Carex aquatilis Wahl ...................... 
Carex laxiculmis Schwein. 
Carex rostrata Stokes ........ 
Dulichium arundinaceum ( 
Eleocharis acicularis 
Eleocharis calva Torr. ... 
Eleocharis obtusa (Willd.) 
Schultes 
Eleocharis palustris & S. Ib 
Eleocharis smallii Britt. 1 
Eriophorum spissum Fern. 


Eriophorum virginicum L. ......... 31415 
Friophorum virdii-carinatum L. .... tb} 131415 
Erionhorum tenellum Nutt. 1d! 
Mariscus mariscoides (Muhl.) ttt 
1d! 
Rynchospora alba (L.) Vahl Id! | | 
Scirpus acutus Muhl. Ib! | | 
Scirpus americanus Pers. Th! 131415 
Scirpus paludosns Nels. Yel | 
Scirons swhterminalis Torr. .......... 1h! | | 
Scirous validus Vahl. ............... th! 
Acorus calamus L. ..................... 1 | 131415 
Calla valustris 0! 
Orontium aquaticum| 
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Peltandra virginica Kunth .... 
| 


LEMNACEAE 


Lemna minor L. 
Lemna trisulca L. 


| | 

Spirodela polyrhiza (L.) Schleid... le} | | | 

Wolffia columbiana Karst ............0 | | | | 

Wolffia punctata Griseb. ................0 | | | | 

Wolffiella floridana (Smith) 

Thompson _........ 
ERIOCAULACEAE 

Eriocaulon septangulare With. ...... le| | | | 

Eriocaulon parkeri Robinson ......... |2! | | 

XYRIDACEAE 

Xyris caroliniana Walt. .................. le] | | | 
PONTEDERIACEAE 

Eichornia crassipes (Mart.) Solms. | |3/4\5 


Heteranthera reniformis R. & P... ld 


Heteranthera dubia (Jacq.) Macm. |2 
| 
Pontederia cordata L. .................... 2 


JUNCACEAE 
Juncus articulatus L. ..................... |! 
Juncus canadensis J. Gay. le} | | | 
Juncus gerardi Lois. .... 
Juncus pelocarpus E. Meyer 
PIPERACEAB 
Saururus cermuus 
POLYGONACEAE 
Polygonum amphibium L. | 
Polygonum coccineum Muhl. | (3/45 
Polygonum hydropiperoides Michx. | |3|4/5 
CHENOPODIACEAE 
Salicornia europaea L. .................... 1c}2|3|4/5 
Suaeda maritima (L.) Dumont. .... Ic| |3/4/5 
AMARANTHACEAE 
Achyranthes 
(Mart.) Stand. ; 
Acnida cannabina L. ........................ 
CARYOPHYLLACEAE 
Spergularia leiosperma (Kindb.) 11 
hmidt  .... | | | 
Spergularia marginata Kittel | | 
CERATOPHYLLACEAE 
Ceratophyllum demersum L. ..... 
NYMPHAEACEAE 


Brasenia schreberi Gmel. 
Cabomba caroliniana Gray 
Nelumbo lutea (Willd.) Pers. 
Nymphaea odorata Ait. ........ 
Nymphaea tuberosa Paine 
Nuphar advena Ait. 
Nuphar microphyllum | 
(Pers.) Fera.. .......... | 
Nuphar rubrodiscum (Morong) 
| 


RANUNCULACEAE 
Ranunculus trichophyllus Choix..... | |3/4/5 
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Ranunculus flabellaris Raf. 
Ranunculus longirostris Godr. ...... 
Ranunculus reptans L. .................... 


CRUCIFERAE 


Armoracia aquatica (Eat.) 
Wiegand 

Nasturtium officinale 

Subularia aquatica L. 


SARRACENIACEAE 
Sarracenia purpurea L. 


DROSERACEAE 


Drosera longifolia L. 6 
Drosera rotundifolia L. 


le|2|3| 4\5 
le| | | 
PoDOSTEMACEAE 


Podostemon ceratophyllum Michx. | |0/0/0 


CRASSULACEAE 
Tillaea aquatica L. 


ROSACEAE 
Potentilla palustris (L.) Scop. 


CALLITRICHACEAE 
Callitriche heterophylla Pursh ..... 
Callitriche palustris L. ................-.. 


ELATINACEAE 


Elatine american (Pursh) Arnott. 
Elatine minima (Nutt.) F. & M..... 


LYTHRACEAE 


Decodon verticellatus (L.) Ell. .... 
Lythrum salicaria L 


MELASTOMOCEAE 
Rhexia virginica L. 


ONAGRACEAE 
Ludvigia palustris L. ....... 


TRAPACEAE 
Trapa natans L. 


HALORAGIDACEAE 

Hippuris vulgaris L. 
Myriophyllum exalbescens Fern..... 
Myriophyllum heterophyllum 
Michx. 

Myriophyllum 

Morong 

Myriophyllum 

Gill. 
Myriophyllum tenellum Bigelow.... 
Proserpinaca palustris L. 


UMBELLIFERAE 


Lilaeopsis chinensis Michx. ..... 
Lilaeopsis occidentalis C. & R. 
Sium suave Walt. 


ERICACEAE 


Vaccintum macrocarpon Ait. ........ le! | 
Vaccinium oxycoccus L. le| | 


PLU MBAGINACEAE 
Limonium carolinianum (Walt.) 
Britt. 


Root Hairs IN AQUATIC PLANTS 


PRIMU LACEAE 


Lysimachia terrestris (L.) BSP. .. 
Lysimachia thyrsiflora  L. = 
Samolus floribundus 


GENTIANACEAE 


Menyanthes trifoliata L. 

Nymphoides lacunosum (Vent.) 
Fern. 

Nymphoides 


ScROPHULARIACEAE 


Gratiola aurea Muhl. 

Veronica americana Schwein. 
Veronica anagallis-aquatilis 
Illysanthes dubia (L.) Barnhart 


LENTIBU LARIACEAE 


Utricularia geminiscapa Benj. 
Utricularia gibba L 
Utricularia intermedia Hayne _ 
Utricularia purpurea Walt. ............ 
Utricularia 

B. D. Greene .......... 
Utricularia vulgaris 


ACANTHACEAE 
Dianthera americana L. | 13 


PLANTAGINACEAE 


Plantago cordata Lam. 


Plantago oligantha R. & S. tel 


3/415 


RUBIACEAE 


Cephalanthus occidentalis L. | 


LOBELIACEAE 
Lobelia dortmann L. 


COMPOSITAE 
Bidens beckii Torr. 
Bidens cernua L. 
Bidens bidentoides 
Britt 


EQUISETACEAE 
Equisetum limosum L. ......... 


ISOETACEAE 


Isoetes eatoni Dodge ............ ; 
Isoetes muricata Dur. 

Tsoetes engelmanni A. Br. 
Isoetes riparia Engelm. 


MarRSILEACEAE 


Marsilea quadrifolia L....... 
Marsilea vestita Hook. & Grev. 


LYCOPODIACEAE 
Lycopodium inundatum L. ........ 


SALVINIACEAE 


Azolla caroliniana Willd. 
Salvinia rotundifolia Willd. .. 


PARKERIACEAE 


Ceratopteris pteridioides Hook. 
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SUMMARY 


Aquatic plants from several types of habitats were investigated to deter- 
mine to what extent they develop root hairs. The plants studied include 
11 Pteridophytes, 119 monocotyledons and 79 dicotyledons, a total of 209 
species representing 105 genera in 54 families. 

Root hairs were found on 195 species (93.3 per cent). Fourteen species 
(6.7 per cent) produced no root hairs; of these five (2.4 per cent) produced 
roots but no root hairs; the other nine species (4.3 per cent) produced neither 
root hairs nor roots. 

In 47 of the 54 families included in this study all species investigated 
produced root hairs. Of the other seven families, in three, Ceratophyllaceae, 
Lentibulariaceae and Podostemaceae, all species failed to produce roots. In 
Trapaceae, Trapa natans developed roots but no root hairs. In the Lemnaceae 
two genera, (Lemna and Spirodela), produced roots but no root hairs and two 
others (Wolffia and Wolffiella), do not even produce roots. In the Sal- 
viniaceae, Azolla produced roots with root hairs and Salvinia produced no 
roots. Of all the families studied the Araceae showed the greatest variation 
in root hair production; Pistia produced no roots; Calla produced roots with- 
out root hairs; Acorus, Orontium and Peltandra produced roots with root 
hairs. 

Root hairs were found to be produced by the several species in each family 
even though they grow naturally in such different types of habitats as deep 
water lakes, shallow lakes or ponds, marshes bordering ponds, salt water, salt 
marches, tidal mud flats or acid peat bogs. In each family where two or more 
species, each of which was limited to one of these habitats, were investigated, 
all or none of the species produced root hairs regardless of the habitat from 
which it was taken. 

Plants of 63 species were propagated under three conditions in the green- 
house, in water, in wet sand, and in moist sphagnum moss. The roots of 60 
species produced root hairs under all three conditions. The roots of two 
species produced root hairs under none of the three treatments. Pistia stratiotes 
produced no roots. 

Seedlings of 48 species were grown by germinating seeds in tap water and 
allowing them to grow from one to four months. Three species, Ceratophyl- 
lum demersum, Utricularia vulgaris, and Utricularia geminiscapa produced 
no roots. Four species, Orontium aquaticum, Calla palustris, Trapa natans 
and Scheuchzeria palustris, produced primary and adventitious roots but no 
root hairs. All the other 41 species produced root hairs on the primary and 
adventitious roots when growing in tap water. All the species which pro- 
duced root hairs in the seedling stage also produced root hairs on mature 
plants. Scheuchzeria palustris was the only species that did not produce root 
hairs as a seedling but produced them on adventitious roots on mature plants. 

The production of root hairs is a characteristic phenomenon for all aquatic 
species of plants in most of the families investigated. Root hairs are produced 
by seedlings of nearly all species growing immersed in water and independent 
of a substratum. The production of root hairs continues in mature plants 
and in plants growing in various habitats. These investigations do not support 
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the view that root hairs are infrequent on aquatic plants nor that their pro- 
duction is stimulated when the plants are rooted in a substratum. The 
observations recorded indicate that most aquatic plants, like terrestrial plants, 
produce abundant root hairs to increase the absorbing surface of their roots. 
The roots of aquatic plants like those on the land, in general, still function 
in the intake of water and solutes as well as for anchorage. 
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Further Observations on Forest Invasion and 
Succession on Basins of Drained Lakes 
in Northern Minnesota 
John B. Moyle 


Minnesota Department of Conservation, St. Paul 


Etlar L. Nielsen 
U.S.D.A., Bureau of Plant Industry, Madison, Wisconsin 


During the past 35 years three lakes in northern Minnesota have been 
partially drained because of logging and mining operations. Drainage ex- 
posed several types of soil in the lake basins and on them it has been possible 
to observe directly forest invasion and succession. The lakes which were 
drained are: (1) Sunken Lake, near Deer River in Itasca County; (2) Bass 
Lake, near Ely in St. Louis County; and (3) East Rabbit Lake, near Crosby 
in Crow Wing County. Bass and Sunken Lakes were partly drained during 
logging operations when previously impounded water cut troughs through the 
moraines. East Rabbit Lake was lowered by pumping to expose iron ore 
deposits in its bed. Sunken Lake was lowered 17 feet* during 1915 and 
reduced in size from 90 to 62 acres. Bass Lake was lowered 52 feet during 
1925 and reduced from 494 to 260 acres. East Rabbit Lake was lowered 30 
feet during 1945 and its size reduced from 534 actes to a small shallow sump 
in the center. The history of Bass and Sunken Lakes together with a descrip- 
tion of the physiography and vegetation of the lake basins, as it appeared in 
1934 and 1939, was recorded in an earlier paper by the writers (Nielsen and 
Moyle, 1941). The present paper considers vegetational trends at Bass and 
Sunken Lakes since 1939 and the earlier stages of plant invasion on drained 
lake basins as observed at East Rabbit Lake. Field studies, which were made 
during 1934, 1939, 1949 and 1950, provide information on the status of vege- 
tation on drained lake basins, 5, 9, 14, 24, 25, 34 and 35 years after drainage. 

All three lakes are in the northern coniferous forest region. Bass Lake 
and Sunken Lake are located, respectively, in the Superior and Chippewa 
National Forests. The latter lake, and adjoining area, has been set aside as 
a permanent study area. In the forest around Bass and Sunken Lakes the 
commonest forest trees are Norway pine (Pinus resinosa Ait.), jack pine (P. 
Banksiana Lamb.), white pine (P. Strobus L.), White spruce (Picea glauca 
(Moench) Voss), balsam fir (Abies balsamea (L.) Mill.), trembling aspen 
(Populus tremuloides Michx.), white birch (Betula papyrifera Marsh.), red 
oak (Quercus rubra var. borealis (Michx. f.) Farw.), and bur oak (Q. macro- 
carpa Michx.). The general forest aspect at Bass and Sunken Lakes is that 
of a “pine forest” with Norway pine and jack pine the most common species. 
Pines are less in evidence at East Rabbit Lake, although some Norway pines 
ate scattered throughout the forest. Here the hardwoods predominate, espe- 
cially red oak, bur oak, aspen and birch. Around all three lakes the ground 


cover is of plants typically associated with the northern coniferous forest. 


* Previously reported as 33 feet; the height of the impounding moraine. 
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DRAINAGE OF LAKE BASIN SOILS AND ITs EFFECT 
ON PLANT SUCCESSION 


The effect of lake drainage upon the formerly submerged soils should be 
considered before discussing vegetational trends. Wilde, Young and Hovind 
(1950) noted from their work on beaver impoundments in Wisconsin that 
removal of beaver dams results in drainage of two types: superficial and inter- 
nal. Superficial drainage is attained almost immediately after the dam is 
removed. Internal drainage of formerly submersed and saturated soils may 
require from days to years, depending upon the nature and position of the 
soils. 

The rapidity of drainage and the physical and chemical changes of the 
soils accompanying drainage, vitally affect plant invasion and succession. This 
may be contrasted to the classical concept of plant succession whereby the 
plants themselves gradually change the habitat from the xeric or hydric to a 
mesic state. In the lake basins here considered changes in the habitat have 
resulted in a telescoping and overlapping of what are usually considered to be 
successional stages or seres. There has been a general acceleration of the rate 
of vegetational change and often an apparent lack of orderly succession as was 
reported in the earlier paper. For example, such drainage has allowed depau- 
perate plants of the blue flag (Iris versicolor L.) and robust jack pine trees 
to be found growing together. Another odd association is that of the white 
birch and the sow thistle (Sonchus arvensis L.). Similarly, at Bass Lake, 
sandbar willows (Salix interior Rowlee) for some time flourished on ground 
water seeping from gravel in habitats that are now xeric. 

It should be noted also that drainage of formerly-submersed soils involves 
changes other than the removal of water. Submersed soils often contain toxic 
substances, such as ferrous iron and sulphides. Wilde, et al. (l.c.) found 
that soils that had been submerged by beaver impoundment inhibited the 
growth of mycorrhizal fungi and thereby the growth of white pine. 

For these reasons forest invasion and succession on drained lake basins 
can be expected to differ somewhat from that on upland soils, at least for the 
first few years until internal drainage is completed. The vegetational changes 
are usually faster than in normal habitats and may deviate somewhat from the 
usual pattern. 

Because the physical nature of a soil determines to a great extent how 
rapidly it will drain as well as the kinds of plants which can successfully 
establish themselves upon it, plant invasion and succession are considered 
separately for each of the four principal soil types studied. They are: (1) 
coarse inorganic soils; (2) fine inorganic soils; (3) peaty and mucky soils; 
and (4) raw glacial soils of gully slopes and alluvial fans. 


PLANT INVASION AND SUCCESSION ON COARSE IN- 
ORGANIC SOILS (GRAVEL, RUBBLE, AND COBBLES) 


East Rabbit Lake-——The stony beaches at East Rabbit Lake, five years after 
drainage had stands of birch 2 to 6 feet tall. Among the birch were occasional 
willow and alder bushes. Ground cover was sparse and mostly of weedy 
herb such as Canada thistle (Cirsium arvense (L.) Scop.), stickweed (Lap- 


482 THE AMERICAN MIDLAND NATURALIST 50 (2) 


pula sp.), mullein (Verbascum Thapsus L.) and smartweed (Polygonum 
cilinode Michx.). 

Bass Lake—A considerable amount of stony soil was exposed along both 
the south and north shores of Bass Lake. These, when first observed during 
1934 (nine years after drainage), were covered by a dense growth of white 
birch, 6 to 8 feet tall, which grew in the interstices between the stones. Among 
the birches were occasional willow and alder bushes and small trees of pin 
cherry (Prunus pensylvanica L.f.), balsam poplar (Populus balsamifera L.) 
and aspen. By 1950 (25 years after drainage) the birch had formed almost 
a pure stand of trees which were from 2 to 7 inches d.b.h. and from 20 to 25 
feet tall. A few large and decadent willows survived among them. A fairly 
thick layer of forest litter had accumulated. Growing with and under the 
birches on the higher and better drained slopes were scattered Norway pine 
(2 to 6 inches d.b.h.) and white spruce (4 to 10 feet tall). Occasional small 
balsam fir trees had also become established where silt and organic soils had 
accumulated. Herbaceous ground cover was generally sparse under the birch 
stands in 1950, and consisted mostly of wild strawberry (Fragaria spp.), 
clumps of moss between the stones and scattered and rather spindly plants of 
pearly everlasting (Anaphalis margaritacea (L.) C. B. Clarke), fireweed 
(Epilobium angustifolium L.) and Canada thistle. In moister places, espe- 
cially toward the bottom of the slopes, many of the typical forest herbs of 
the region had become established; such as shinleaf (Pyrola secunda L. and 
P. elliptica Nutt.). 

Along thé north shore of Bass Lake the newly-established birch forest is 
less dense. Here, by 1950, occasional red maple (Acer rubrum L.), aspen 
and balsam ‘fir have appeared, especially on the finer soils toward the bottom 
of the slopes. Ground cover in this more open birch stand was of occasional 
patches of poverty oat grass (Danthonia spicata (L.) Beauv.), haircap moss 
(Polytrichum sp.), white clover (Trifolium repens L.) and sow thistle (Son- 


chus arvensis). 


PLANT INVASION AND SUCCESSivix ON FINE INORGANIC 
SOILs (SILT, SAND, AND FINE GRAVEL) 

East Rabbit Lake.—The sandy slopes of East Rabbit Lake, five years after 
drainage, presented a distinctly xeric habitat. They were covered with depau- 
perate weedy annuals such as Russian thistle (Salsola Kali L.), peppergrass 
(Lepidium sp.), knotweed (Polygonum aviculare L.), and pigeon grass 
(Setaria sp). With the annual herbs were scattered patches of perennial 
herbs including sow thistle, dandelion (Taraxacum sp.), grass-leaved golden- 
rod (Solidago graminifolia (L.) Salisb.), and white clover. Woody vegeta- 
tion was limited to occasional willow bushes that had evidently become estab- 
lished when drainage was less complete and to scattered balsam poplar, some 
of which were as much as 10 feet tall. Remnants of the vegetation of the 
former littoral zone also persisted here, especially in locations of water seep- 
age. The commonest of such species were reed (Phragmites communis 
Trin.), threesquare (Scirpus americanus Pers.), and hardstem bulrush (Scir- 
pus acutus Muhl.). The lower sandy slopes, where drainage was less com- 
plete, had been colonized by willows and balsam poplar. 

Bass Lake.—Drainage of Bass Lake exposed a plain of varved sands and 
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silt that had formerly underlain the north bay of the lake. When first seen 
by the writers, during 1934 (nine years after drainage), the silty soils had 
been invaded by perennial grasses and sedges. The sandy soils had scattered 
patches of xeric mosses. By 1939 seedlings of white birch, white pine, Nor- 
way pine, jack pine, white spruce, aspen, and balsam poplar had appeared. 
Twenty-five years following drainage (in 1950) about one-fourth of the sand 
plain was covered by aspen, birch, jack and Norway pine trees, most of which 
were from 2 to 6 inches d.b.h. The grasses previously noted on the silty soils, 
especially near the former shoreline, had, by 1950, formed a fairly dense sod 
in which poverty oat grass, bluegrass (Poa pratensis L.), and quackgrass 
(Agropyron repens (L.) Beauv.) were the principal components. On the 
sandy soils not colonized by trees the herbaceous vegetation remained patchy 
and consisted mostly of haircap moss, quackgrass, panic grass (Panicum 
lanuginosum var. Lindheimeri (Nash) Fern.), bluegrass, pearly everlasting, 
alsike clover (Trifolium hybridum L.), white sweet clover (Melilotus alba 
Desr.), and sow thistle along with occasional strawberry, go!denrod, hawk- 
weed, and Antennaria plants. 

Gullying of the varved sands and silts of the sand plain began with or soon 
after drainage. The larger gullies, which had little vegetation in 1939, were 
by 1950 filled with large willow bushes. Cattails and other emergent aquatic 
plants grew in the bottoms and the scouring rush (Equisetum hyemale L.) 
formed dense mats on the gully sides. Malaxis unifolia Michx., a compara- 
tively rare orchid in Minnesota, was fairly abundant on the gravelly soils 
about Bass Lake. 

Sunken Lake-—An older stage of the vegetation on sandy soils is found 
at Sunken Lake. Here, in 1950 (35 years after drainage) the sandy soils 
were covered with Norway and jack pine (4 to 10 inches d.b.h.). Among 
the pines were occasional white birch and balsam poplar (1 to 3 inches d.b.h.) 
and red oak seedlings. The balsam poplar growing under the pine had an 
unthrifty appearance. Ground cover plants beneath the pines at Sunken Lake 
were scattered but mostly of typical pine-forest plants such as bearberry 
(Arctostaphylos Uva-ursi (L.) Spreng.), bluebell (Campanula rotundifolia 
L.), mountain rice (Oryzopsis asperifolia Michx.), sedge (Carex pensylvanica 
Lam.), and twin flower (Linnaea borealis var. americana (Forbes) Rehd.). 
Occasional depauperate plants of blue flag (Iris versicolor L.) still survived 
beneath the pines; relicts from the time when the sand was poorly drained. 

Along the southeast shore of Sunken Lake silty soils were exposed and 
contained a considerable amount of organic matter. In 1950 these soils sup- 
ported aspen and birch trees that averaged about 8 inches d.b.h. Beneath 
them were old willow bushes and some reproduction of aspen and balsam 
poplar. There was a fairly dense understory of red raspberry (Rubus idaeus 
var. strigosus (Michx.) Maxim.) and American hazel (Corylus americana 
Walt.) beneath which were scattered and unthrifty plants of Canada thistle 
and sow thistle. 

PLANT INVASION AND SUCCESSION ON ORGANIC 
SoILs (MUCK AND PEAT) 

East Rabbit Lake.—Drainage of East Rabbit Lake exposed mucky soils of 

the former lake bed. These, five years after drainage, were still wet and 
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covered with a dense growth of willows that varied from 8 to 12 feet in height. 
Beneath and between the willows were such moisture-loving perennial herbs as 
reed canary grass (Phalaris arundinacea L.), wool-grass (Scirpus atrocinctus 
Fern.), grass-leaved goldenrod and swamp milkweed (Asclepias incarnata 
L.). Cattails (Typha latifolia L. and T. angustifolia L.), sweet flag (Acorus 
Calamus L.) and other emergent aquatic herbs flourished at the edge of the 
sump but occurred only as stunted and scattered individuals beneath the 
willows. 

Sunken Lake.—The center of the drained south arm of Sunken Lake has 
a soil of mucky lake deposits. When first seen by the writers in 1934, the 
better drained portions of these soils were covered with aspen that were mostly 
14 and 15 years old. Scattered among the aspen were seedlings of white 
spruce and red oak. The aspen had grown to a height of 30 feet and were 
from 4 to 8” d.b.h. by 1950 (35 years after drainage). Under the aspen 
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were scattered white spruce trees, 4 to 8 feet tall. Ground cover was mostly 
of red raspberry bushes. 

Before the level of Sunken Lake was lowered, the northern part of the 
south arm was fringed by a floating heath-sphagnum mat. Leatherleaf 
(Chamaedaphne calyculata (L.) Moench) and bog rosemary (Andromeda 
glaucophylla Link) were the most common components. Drainage dropped 
this floating heath mat upon the former lake bottom. It is evident that the 
heath-sphagnum mat drained slowly because in 1939 the heaths were still 
flourishing although most of the sphagnum was dead. Andromeda has dis- 
appeared by 1950 and most of the Chamaedaphne plants were either dead or 
dying. 

a to the lowering of the lake level scattered tamarack trees (Larix 
laricina (DuRoi) K. Koch) and black spruce (Picea mariana (Mill.) BSP.) 
grew upon this floating mat. Growing among them in 1934 were small jack 
pine, Norway pine, white pine and white spruce. Jack pines were the most 
common of these invading trees. The old tamarack and black spruce were 
still thriving in 1950 but the site was dominated by pines up to a foot in 
diameter. The forest reproduction and smaller trees were also mostly pines. 


PLANT INVASION AND SUCCESSION ON RAW GLACIAL 
Sorts OF SPECIAL LOCATIONS 


The special habitats considered are of 2 kinds: (1) the sides of the large 
gullies or cuts formed in the moraines which formely impounded the water 
and maintained the previous lake levels, and (2) the alluvial fans formed by 
the deposition of morainic material that was transported and sorted by water. 
Such sites occur only at Bass and Sunken Lakes. 

Gully slopes—At both Bass and Sunken Lakes the cut or gully through 
the impounding moraine is oriented in an east-west direction causing both 
north-facing and south-facing slopes of raw glacial soil to be exposed. These 
slopes, because they stand at the angle of repose, are quite unstable and are 
difficult habitats for plants to invade. The south-facing slope of the Bass 
Lake gully had little vegetation upon it in 1934. The principal species noted 
were sandbar willow near the top of the cut and a few small trembling aspens, 
large-toothed aspens (Populus grandidentata Michx.), white birches and pin 
cherries. 

Where large rocks had stabilized the slopes there were also occasional 
shrubs of such species as Diervilla Lonicera Mill., Lonicera canadensis Bartr., 
Acer spicatum Lam. and Rhus Toxicodendron L. The general picture was 
similar during 1950 except that the birch and aspen toward the top of the 
gully were now 2 to 5 inches d.b.h. and a few Norway pine had become 
established. The south-facing gully slope at Sunken Lake is of a finer soil 
than at Bass Lake and contains few rocks. When first seen during 1934 this 
slope had a fairly complete cover of scouring rush (Equisetum hyemale) and 
scattered sandbar willows. This slope had changed little by 1950 except that 
sandbar willows had become rare and some balsam fir and Norway pines had 
become established. 

North-facing slopes at both Sunken and Bass Lakes presented a more 
favorable site for establishment of forest trees. Norway pines were estab- 
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lished and making a good growth at both lakes during 1950. 

Alluvial fans.—At Bass Lake, revegetation of the alluvial fan has been 
uneven because of the giant ripples which were formed at right angles to the 
current when the fan was deposited. These giant ripples have been described 
in some detail by Thiel (1932a, 1932b). The moist bottoms of the ripple 
troughs and the finer soil of the edge of the fan present the most favorable 
habitats for plant invasion. By 1934, willows, alders, and small birch, aspen 
and balsam poplars were noted in the troughs. Some of the birch and aspen 
trees had reached a height of 16 to 18 feet by 1949, but most of the conifers 
noted earlier had disappeared. Little vegetation was found on the rock and 
drier parts of the fan either in 1934 or 1950. The principal change in this 
period of time was the appearance of a few white pine seedlings where soil 
and forest duff had accumulated between the boulders and cobbles. 

The alluvial fan below the morainic cut at Sunken Lake is nearly level 
and is composed of sand and fine gravel. Here, in 1934, scouring rushes 
(Equisetum hyemale and E. arvense) were abundant enough to form, in 
places, a sod-like cover. Growing among the-scouring rushes were many 
small Norway pine, birch, aspen, balsam poplar, and pin cherry. These trees 
wete about 20 feet tall by 1950 and under them seedlings of balsam fir and 
red oak had appeared. Near the edge of the fan, adjacent to the old and 
partly buried cedar swamp, seedlings of white cedar (Thuja occidentalis L.) 
were noted. A layer of forest duff has accumulated over much of the alluvial fan. 


Summary AND DiscussION 

Direct observation of plant invasion and succession on the basin of three 
drained lakes in the coniferous forest region of northern Minnesota empha- 
sizes the influence of soil type and drainage. From the information gathered 
it appears that plant succession on the several soil types studied is as follows: 

On coarse, inorganic soils such as coarse gravel, rubble, and small boulders 
the first plants to appear are weeds that have wind-blown seeds. These in- 
clude the Canada thistle, sow thistle, and fireweed. Willows and alders 
appear at about the same time in the moister places. These pioneers are 
followed shortly by white birch with occasional aspen and balsam poplars. 
The birches tend to dominate in nearly pure stands and eventually shade out 
the willows, alders, and weedy herbs. In the more open birch stands, pines 
establish themselves on the coarser and better-drained soils. White spruce 
and balsam fir invade the finer and moister soils of the denser birch stands. 
Balsam fir and white spruce can establish themselves after a dense birch 
canopy has developed, but the pines probably cannot. 

On fine inorganic soils such as sand and silt, wet soil herbs appear shortly 
after lake drainage. These are accompanied by or are soon followed by 
willows. On sand, as the soil drains, dry soil herbs appear together with 
pines and occasional broad-leaved trees. The pines thrive, but it requires at 
least 25 years for typical pine-forest ground cover to develop. On silty soils, 
aspen and birch usually follow the willow stage on the moist sites. There is 
evidence that the aspen and birch will eventually be replaced by or be asso- 
ciated with balsam fir and white spruce. On drier sites, silty soils develop 
a sod of perennial grasses. These, judging from conditions at Bass Lake 
eventually will be replaced by pine. 
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On organic soils two types of plant succession were observed. The first 
plants to appear on peaty lake bottoms, which drain slowly, are emergent 
aquatics such as cattails. These are followed by willows and coarse marsh 
herbs which are in turn replaced by aspen as the soil dries out. Present evi- 
dence suggests that white spruce will eventually replace the aspen. On drained 
heath mats pines are the initial invaders. They thrive well in this habitat and 
eventually replace the bog forest trees. 

The most successful invaders on steep slopes of raw glacial soils or on 
water-worked glacial soils are the scouring rushes, especially Equisetum hye- 
male. Common open-ground weeds also appear early but usually make poor 
growth. On the finer glacial soils the common forest trees, especially the 
pines, soon become established. On coarse glacial soils, probably because of 
excessive drainage, revegetation is slow except in depressions where water is 
available. Here the sequence. of vegetation is similar to that on the coarser 
sands of the drained lake basins. 

There has been a considerable amount of work done and some divergence 
of opinion on the nature of the forest climax and the ecological status of the 
pine forest in northern Minnesota. For summarization the reader is referred 
to the papers of Grant (1934) and Eyre and Zehngraft (1948). Since the 
soils of the drained lake basins have been exposed from 5 to 35 years it is 
obvious that the forests upon them are still developing and it will be many 
years before the ultimate or climax forest type can be determined by direct 
observation. However, some points concerning forest succession and dynamics 
on these areas are worth noting. (1) It appears that Norway and jack pine 
which can establish themselves soon after drainage on inorganic soils and 
loose peat, are not the climax type. It is likely that in the areas studied the 
pines will be replaced by, or at least be associated with, balsam fir, white 
spruce, white birch, and red oak. (2) Judging from present observations and 
from the literature, jack and Norway pine are the most successful in estab- 
lishing themselves following catastrophic events by which organic soil and an 
abundance of light are made available to the seedlings—such events as fires, 
windfalls and, in the present case, sudden lake drainage. (3) On basins of 
drained lakes there is much overlapping and telescoping of the usual plant- 
succession stages because of soil drainage. 
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A Check-list of Ferns and Flowering Plants of the 
Quetico-Superior Wilderness Research Center 


Olga Lakela 
University of Minnesota, Duluth Branch, Duluth 


The Quetico-Superior Wilderness Research Center is at 91°36’-91°41’ W. 
longitude and 48°-48°1’ N. latitude, Basswood Lake, northwestern Lake 
County, Minnesota. In the Superior National Forest, approximately twenty 
miles from Ely and the nearest roads, it borders the southern edge of the 
Quetico Provincial Park, Ontario. Proximity map, Fig. 1. 

The vast territory of the Quetico-Superior area on the Canadian side is 


almost undisturbed by man. On the side of the United States, it was lum- | 
bered between 1885 and 1915, but since that time it has been free from 
destructive agencies and there remain isolated stands of virgin forest, such as | 


the site of the Research Center. 
The Quetico-Superior Wilderness Research Center was conceived, estab- 
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Fig. 1.—Location of Quetico-Superior Wilderness Research Center. 
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lished and financed by an individual, anonymous by preference, who believes 
that the prime values of nature not only uplift and ennoble human thought 
and conduct but promote physical well-being by improving health. There- 
fore, its projected program is centered on preservation of the areas where 
primitive conditions obtain and on restoration of those, disturbed, in the belief 
that wilderness values are essential to man’s intellectual, spiritual and recrea- 
tional activities—values for which there is no substitute in mechanized civi- 
lization. 

Thus, at a cross-roads of the voyageur’s highway, along the everflowing 
waters in the continental vastness of North America, there stands a Wilder- 
ness Research Center. Over the practices of the ruthless despoiler, it stands 
in triumph of man’s constructive ideals, embodied in living nature, in the 
fearless tread of deer and grouse; in the rock-rimmed shores laden with ver- 
dure; in streams plunging into mist in their time-worn channels of granite; in 
the green forest of towering pines, nature’s living records of the past, where 
amidst rising vapors, in many a sunlit aisle sings the hermit thrush in sheer 
enjoyment of its age-old haunts, Fig. 2. 


RESEARCH PROGRAM 


In conformance with the objectives of the Wilderness Research Center, a 
research program comprising various aspects of natural history, e.g. ecology 
and entomology, are underway. Scientists, internationally, are welcomed to 
avail themselves of the facilities offered by the Research Center, for making 
contributions to knowledge of wilderness values. Any considerable project 
must be approved by an informal committee of scientists from the University 
of Minnesota. 

Outstanding is the project in forestry research under the supervision of 
Mr. Clifford Ahlgren, Resident Forester. A plantation of 165,000 native 
conifers in annual increments since 1938 affords continuity of study in forest 
growth under scientific methods and management, Fig. 3. 


VEGETATION AND THE HERBARIUM PROJECT 


The study of the floristics and the making of the herbarium were initiated 
in 1949. Mr. Ahlgren and his associates have collected in the immediate 
surroundings of the Research Center and have made occasional forays into 
Quetico-Provincial Park and Superior National Forest, including Seven 
Beaver Lake, the headwaters of St. Louis River. An herabrium of over fif- 
teen hundred sheets has been accumulated, representing ferns, fern allies and 
flowering plants. The collections are housed in the Forestry Building, Fig. 
4, in attractive cases constructed by simple carpentry from native lumber. 
Vegetation on the whole is typical of the coniferous forest region. Duplicates 
of the collections have been donated to Universities of Toronto and Min- 
nesota. 

During this study came to attention a few interesting facts regarding plant 
distribution. The finding of Cornus canadensis f. florulenta Lak. in the 
Quetico-Superior area extends its range into the interior from Lake Superior 
coast! in St. Louis County. At Basswood Lake, it occurs in association with 


1 Lakela, O. Rhodora 50:306. 1948 
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the typical form and f. ramosa lePage, on a pine ridge, on the Research Center 
grounds. Sisyrinchium angustifolium Mill. was reported for the state under 
the specific epithet, S. graminoides Bickn., collected on the North Shore of 


Figs. 2-4.—2. Typical habitat of the hermit thrush. 3. Plantation of native 
conifers. 4. Forestry building housing the herbarium. 
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Lake Superior,* within the city limits of Duluth. Its occurrence in the 
wilderness area is the second known locality for the state. The species was 
discovered growing in Jack pine forest near the north end of the Four-Mile 
portage west of the road. Trientalis borealis Raf. f. pluriverticillata Marie 
Victorin & Rolland, collected in mixed coniferous forest near the Back Bay, 
and Lepidium campestre R. Br. collected from the plantation at the Research 
Center, appear to be unreported from the state. Mr. Ahlgren discovered 
Juncus stygius var. americanus at Seven Beaver Lake, the headwaters of St. 
Louis River. Known to this writer, there is only one previous collection of 
this Juncus in the Herbarium of the University of Minnesota at Minneapolis, 
that of Dr. L. H. Bailey some 50 years ago and that also from “St. Louis 


River.” 
is not known. 


Whether it came from the same area where Mr. Ahlgren collected 


The following check-list is based on accessional sheets in the Herbarium of 


the Research Center. 


There are altogether 574 taxa, representing 255 genera 


and 87 families. The given collection numbers are those of Mr. Ahlgren 
unless prefixed by “L,” signifying the writer’s collections. The nomenclature 
is according to Gray’s Manual of Botany, eighth edition. 


PreRIDOPHYTA—Ferns and Fern-allies 


Equisetum arvense L. 1462, Field horsetail 

E. fluviatile L. 354, 1094, Water horse- 
tail 

E. palustre L. 

E. pratense Ehrh. 
horsetail 

sylvaticum L. 51, 
horsetail 

Lycopodium annotinum L. 47, 1102, In- 
terrupted clubmoss 

L. clavatum L. 899, Running clubmoss 

L. clavatum var. monostachyon Grev. & 
Hook. 1144, One-spiked running club- 
moss. 

L. complanatum L. 67, 1083, Trailing 
clubmoss 

L. lucidulum Michx. 
clubmoss 

L. obscurum L. var. dendroideum 


(Michx.) D. C. Eaton 48, Ground Pine 


116, Marsh horsetail 
639, 640, Meadow 


134, Woodland 


145, L13894, Shiny 


Selaginella rupestris (L.) Spring. 319, 
Spikemoss 

Isoetes muricata Dur. 829, Spiny quill- 
wort 


Botrychium multifidum (Gemel.) Rupr. f. 
dentatum Tryon 2016, Leathery grape 
fern 

B. virginianum (L.) Sw. 190. Grape fern 

Osmunda cinnamomea L. 295, 849 Cin- 
namon fern 


2 Lakela, O. Ibid. 46:20. 1944, 


O. claytoniana L. 100, 638, Interrupted 
fern 

O. regalis L. var. spectabilis (Willd.) 
Gray 94, 227, Royal fern 

Athyrium filix-femina (L.) Roth var. 
michauxti (Spreng.) Farw. 130, 1019, 
lady fern 

A. filix-femina var. michauxii £. rubellum 
(Gilbert) Farw. L13624 

Cystopteris fragilis (L.) Bernh. 178, 387, 
Brittle bladder-fern 

Dryopteris cristata (L.) Gray 1452, 
Crested shield fern 

D. disjuncta (Ledeb.) C. V. Morton 153, 
893, Oak-fern 

D. fragrans (L.) Schott var. remotiuscula 
Komarov L3077, Fragrant cliff fern 

D. phegopteris (L.) Christens. 377, Beech 
fern 

D. spinulosa (O. F. Muell.) Watt 197, 
1091, Common shield fern 

D. thelypteris (L.) Gray var. pubescens 
(Lawosn) Nakai 268, Marsh shield fern 

Onoclea sensibilis L. 114, Sensitive fern 

Polypodium virginianum L. 58, Cliff fern 

Pteridium aquilinum (L.) Kuhn. var. 
latiusculum (Desv.) Underw. 132, 650, 
Brake fern 

Woodsia ilvensis (L.) R. Br. 321, 1095, 
Rusty Woodsia 
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SPERMATOPHYTA—Flowering Plants 


GyYMNOSPERMAE 


Taxus canadensis Marsh. 1167, American 
Yew 

Abies balsamea (L.) Mill. 651, 823, 
Balsam fir 

Larix laricina (DuRoi) K. Koch. 20, 723, 
Tamarack 

Picea glauca (Moench) Voss 9, 630, 
White spruce 


P. mariana (Mill.) BSP. 10, 492, Black 
spruce 

Pinus banksiana Lamb. 22, 491, Jack pine 

P. resinosa Ait. 626, Red pine 

P. strobus L. 8, 112, White pine 

Juniperus communis L. var. depressa 
Pursh 994, 1132, Ground juniper 

Thuja occidentalis L. 1, 786, White cedar 


ANGIOSPERMAE 


MOoNOCOTYLEDONAE 

Typha latifolia L. 39, 300, Common cat- 
tai 

Sparganium androcladum (Engelm.) Mo- 
rong 623, Greater bur-reed 

S. angustifolium Michx. 913, 1056, Nar- 
row-leaved bur-reed 

S. chlorocarpum Rydb. var. acaule (Bee- 
by) Fern. 224, Green-fruited bur-reed 

S. fluctuans (Morong) Robins. 712, 959, 
Floating bur-reed 

S. minimum (Hartm.) Fries 1330, Least 
bur-reed 

Potamogeton alpinus Balbis. var. tenuifo- 
lius (Raf.) Ogden 234, Northern pond- 
we 

P. amplifolius Tuckerm. 445, 1163, 
Large-leaved pondweed 

P. epihydrus Raf. 949, 1052, Ribbon leaf 

P. friesii Rupr. 528, Fries’ pondweed 

P. foliosus Raf. L. 15709, Leafy pond- 
weed 

P. gramineus L. 934, 1010, Variable 
pondweed 

P. natans L. 967, Floating pondweed 

P. praelongus Wulf. 713, White-stem 
pondweed 

P. pusillus L. 1096, Dwarf pondweed 

P. richardsonii (Benn.) Rydb. 863, 1055, 
Richardson’s pondweed 

P. robbinsii Oakes 693, Robbins’ pond- 
weed 

P. spirillus Tuckerm. 562, 566, Spiral- 
seed pondweed 

P. strictifolius Benn. 527, Straight leaf 
pondweed 

P. zosteriformis Fern. 739, 1045, Eel- 
grass pondweed 

Najas flexilis (Willd.) Rostk. & Schmidt 
1044, 1079, Slender naiad 

Scheuchzeria palustris L. var. americana 
Fern. 243, 817, Marsh Scheuchzeria 

Alisma subcordatum Raf. 287, 537, Com- 
mon water-plantain 

Sagittaria cuneata Sheld. 968, Arum-leaf 
arrowhead 


S. latifolia Willd. 743, 956, Duck-potato 


S. latifolia £. gracilis (Pursh) Robins. 
883, Slender duck-potato 

S. rigida Pursh 533, 964, Sessile-fruited 
arrowhead 

Elodea canadensis Michx. 525, Common 
waterweed 

Vallisneria americana Michx. 957, 1098, 
Tapegrass 

Agropyron repens (L.) Beauv. 117, 183, 

ick grass 

A. trachycaulum (Link.) Steud. 306, 
1087, Slender wheat grass 

Agrostis alba L. 244, 376, Red-top 

A. scabra Willd. 370, 774, Tickle grass 

Alopecurus aequalis Sobol. L13885, 
Short-awned foxtail 

Andropogon gerardi Vitman 581, 1164, 
Tall bluestem 

Bromus ciliatus L. 214, 487, Fringed 
Brome grass 

Calamogrostis canadensis (Michx.) Beauv. 
702, 921, Blue-joint grass 

Cinna latifolia (Trev.) Griseb. 1126, 
Wood reedgrass 

Danthonia spicata (L.) Beauv. 834, 930, 
Wildoat-grass 

D. spicata var. pinetorum Piper L15681 

Deschampsia caespitosa (L.) Beauv. var. 
glauca. (Hartm.) Lindm. f. 926, 1130, 
Hair grass 

Echinochloa pungens (Poir.) Rydb. 541, 
Barnyard grass 

Elymus canadensis L. 779, 1223, Nodding 
wild rye-grass 

Festuca saximontana Rydb. 195, 415, 
Slender fescue grass 

Glyceria borealis (Nash) Batch. 294, 
1046, Northern Manna grass 

G. canadensis (Michx.) Trin. 917, 1041, 
Rattlesnake grass 

G. fernaldii (Hitchce.) St. John, 1599 
Ditch Manna grass 

G. grandis S. Wats. 762, Tall Manna 
grass 

G. striata Hitche. 176, 384, Nerved 
Manna grass 

Hierochloe odorata (L.) Beauv. L12565, 
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Sweet grass 

Hordeum jubatum L. 1636, Wild barley 

Lolium multiflorum Lam. 605, Darnel 

L. perenne L. 726, Perennial darnel 

Milium effusum L. var. cisatlanticum Fern. 
1658, Millet grass 

Muhblenbergia glomerata (Willd.) Trin. 
L15696, Cluster satin grass 

M. mexicana (L.) Trin. 987, 1018, 
Satin grass 

Oryzopsis asperifolia Michx. 60, Rough- 
leaved Mountain-rice 

O. pungens (Torr.) Hitchc. 63, Slender 
Mountain-rice 

Panicum boreale Nash 931, Northern 
panic grass 

P. capillare L. L13884, Witch grass 

P. depauperatum Muhl. 312, Stunted 
Panic grass 

P. lanuginosum L. var. fasciculatum 
(Torr.) Fern. 158, 856, Hairy panic 
grass 

P. xanthophysum A. Gray 1073, 1086, 
Large-fruited panic grass 

Phalaris arundinacea L. 105, 464, Reed- 
canary grass 

Phleum pratense L. 107, 866, Timothy 

Phragmites communis Trin. var. berlandi- 
eri (Fourn.) Fern. 938, Reed 

Poa annua L. 191, 262, Annual June 
grass 

P. compressa L. 106, Canada Blue grass 

P. palustris L. 701, 694, Fowl meadow 
grass 

P. pratensis L. 755, June grass 

P. saltuensis Fern. & Wieg., 1336 

Schizachne purpurascens (Torr.) Swallen, 
108, 1072, False Melic grass 

Setaria viridis (L.) Beauv. 141, Green 
foxtail 

Spartina pectinata Link 1060, Cord grass 

Zizania aquatica L. var. angustifolia 
Hitche. 741, 1001, Wild rice 

Z. aquatica L. var. interior Fassett 1191, 
Wild rice 

Carex adusta Boott 697, 799, Stiff sedge 

C. aenea Fern. 700, 886, Hay sedge 

C. angustior Mackenz. 446, 918, Narrow- 
fruited sedge 

C. arcta Boott L13655, Clustered sedge 

C. arctata Boott 703, 1081, Drooping 
sedge 

C. brunnescens (Pers.) Poir. 104, 695, 
Brown-sedge 

C. canescens L. var. subloliaceae (Lae- 
stad.) Hartm. 375, 791, Silver-sedge 

C. castanea Wahlenb. var. knieskernii 
(Dew.) Mackenz. 668, 707, Chestnut- 
sedge 

C. chordorhiza L. 259, Creeping sedge 


C. crawfordii Fern. 143, 867, Crawford’s 
sedge 

C. cristatella Britt. 245, Crested sedge 

C. deweyana Schwein. 710, 808, Dewey’s 
sedge 

C. diandra Schrank 446, Panicled sedge 

C. disperma Dew. 146, 898, Soft-leaved 
sedge 

C. flava L. var. fertilis Peck 932, Lesser 
Yellow sedge 

C. gracillima Schwein. 267, 825, Graceful 
sedge 

C. houghtonii Torr. 682, 756, Houghton’s 
sedge 

C. interior Bailey 188, Inland sedge 

C. intumescens Rudge 874, Inflated sedge 

C. lacustris Willd. 273, 1041, Lake sedge 

C. lanuginosa Michx. 654, Wooly sedge 

C. laricina Mackenz. 918, Beaded sedge 

C. lasiocarpa Ehrh. var. americana Fern. 
970, 1048, Slender sedge 

C. lenticularis Michx. 787, Lenticular 
sedge 

C. leptalea Wahlenb. 269, Bristle-stalked 
sedge 

C. limosa L. 1977, Mud sedge 

C. normalis Mackenz. 344, Straw sedge 

C. oligosperma Michx. 256, 818, Few- 
fruited sedge 

C. pauciflora Lightf. 148, 261, Few- 
flowered sedge 

C. paupercula Michx. 252, Bog sedge 

C. peckii Howe 653, Peck’s sedge 

C. pedunculata Muhl. 57, Stalked-sedge 

C. pennsylvanica Lam. 1178, Pennsylvania 
sedge 

C. projecta Mackenz. 271, Neck-lace sedge 

C. retrorsa Schwein. 206, Turn-back 
sedge 

C. rostrata Stokes 943, 972, Beaked sedge 

C. scoparia Schkuhr 1061, Pointed Broom 
sedge 

C. stipata Muhl. 124, 144, Awl-fruited 
sedge 

C. stricta Lam. 721, 969, Tussock sedge 

C. strictior Dew. 910, Stiff tussock sedge 

C. tenera Dew. 907, Slender sedge 

C. tenuiflora Wahlenb. 1511, Sparse- 

flowered sedge 

C. tonsa (Fern.) Bickn. L13888, Deep- 
green sedge 

C. tribuloides Wahlenb. 796, 981, Blunt 
broom sedge 

C. trisperma Dew. 820, Three-fruited 
sedge 

C. tuckermani Dew. 240, 285, Hop- 
fruited sedge 

C. vaginata Tausch. 1505, 1453, 
Sheathed-sedge 

C. vesicaria L. 947, Bladder sedge 
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C. vulpinoidea Michx. 705, Fox sedge 


Dulichium arundinaceum (L.) Britt. 911, 


1047, Three-way sedge 

Eleocharis acicularis (L.) R. & S. 
L13626, Slender club-rush 

E. calva Torr. 1303, Lesser club-rush 

E. palustris L. 1005, Swamp club-rush 

E. smallii Britt. 715, 940, Greater club- 
rush 

Eriophorum angustifolium Honck. 978, 
Common cotton-grass 

E. spissum Fern. 250, 459, Hare tail 

E. tenellum Nutt. 272, Slender cotton- 
grass 


Rhynchospora alba (L.) Vahl 1914, Beak- 


rush 

Scirpus acutus Muhl. 716, Stiff bulrush 

S. atrocinctus Fern. 469, 1026, Leafy 
bulrush 

S. atrocinctus var. brachypodus (Fern.) 
Blake L13632 

S. cyperinus (L.) Kutnh var. pelius Fern. 
544, 990, Wool Rush 

S. cyperinus var. pelius £. condensatus 
(Fern.) S. F. Blake L13656 

S. fluviatilis (Torr.) Gray 437, River 
bulrush 

S. pedicellatus Fern. 889, Stalked bulrush 

S. subterminalis Torr. 1094, Water bul- 
rush 

S. torreyi Olney 946, Torrey’s bulrush 

S. validus Vahl var. creber Fern. 937, 
984, Great bulrush 

Acorus calamus L. 553, Sweet flag 

Calla palustris L. 680, 997, Wild Calla 
lily 

Lemna minor L. 202, Lesser duckweed 

Spirodela polyrhiza (L.) Schleid. 203, 
Greater duckweed 

Eriocaulon septangulare With 915, Piper- 
wort 

Juncus balticus Willd. var. littoralis 
Engelm. 149, Shore rush 

. bufonius L. 631, Toad rush 

. effusus L. var. pylaei (Laharpe) Fern. 
& Wieg. L13667, Soft rush 

. filiformis L. 372, 1099, Thread rush 

- stygius L. var. americanus Buchen. 1913 

. tenuis Willd. 854, 1076, Slender rush 
vaseyi Engelm. 358, Vasey’s rush 

Alium stellatum Fraser 1183, Prairie Wild 
onion 

Clintonia borealis (Ait.) Raf. 368, 901, 
Yellow Clintonia 

Maianthemum canadense Desf. 76, 895, 
False-lily-of-the-valley 

Smilacina trifolia (L.) Desf. 815, False 
Solomon’s seal 

Smilax lasioneura Hook, 334, Greenbrier 

Streptopus roseus Michx. var. longipes 
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(Fern.) Fassett 882, 902, Twisted- 
stalk 
Trillium cernuum L. 518, 622, Wake- 
robin 
Uvularia grandiflora Smith 1011, Greater 
bellwort 


U. sessilifolia L. 497, 516, Cream bells 

Iris versicolor L. 850, 977, Blue flag 

Sisyrinchium angustifolium Mill. 151, 
Blue-eyed grass 


S. montanum Greene 1622, 1478, Com- 
mon blue-eyed grass 
Corallorhiza maculata Raf. 1075, 1166, 


Spotted coral-root 

Goodyera repens (L.) R. Br. var. 
ophioides Fern. L11740, Lesser Rattle- 
snake Plantain 

G. tesselata Lodd. 1177, 
Rattlesnake plantain 

Habenaria dilatata (Pursh) A. Gray var. 
media (Rydb.) Ames 1532, White 
rein-orchis 

H. hookeri Torr. 780, 920, Hooker’s 
rein-orchis 

H. obtusata (Pursh) Rich. 1916, Small 
bog orchids 

H. psychodes (L.) Spreng. 489, 991, 
Fringed rein-orchis 

H. viridis R. Br. var. bracteata (Muhl.) 
A. Gray, Green rein-orchis 

Malaxis unifolia Michx. 1093, Adder’s 
mouth 

Pogonia ophioglossoides (L.) Ker. 251, 
821, Rose Pogonia 

Spiranthes cernua Raf. 1915, Nodding 
ladies’ tresses 

S. lacera Raf. 1201, 
tresses 


S. Romanzoffiana Cham. 9-6-52 


1082, Tesselated 


Slender ladies’ 


DICOTYLENDONAE 

Populus balsamifera L. 98, 729, Balsam 
poplar 

P. grandidentata Michx. 33, 
toothed aspen 

P. tremuloides Michx. 13, 87, Trembling 
aspen 

Salix bebbiana Sarg. 7, 80, Beaked willow 

S. discolor Muhl. 647, 936, Pussy willow 

S. gracilis Anderss. 330, 1151, Slender 
willow 

S. humilis Marsh. 484, Prairie willow 

S. lucida Muhl. 35, 495, Shiny willow 

S. pedicellaris Pursh var. hypoglauca Fern. 
357, Bog willow 

S. pyrifolia Anders. 1037, Balsam willow 

Comptonia peregrina (L.) Coult. 485, 
1028, Sweet fern 

Myrica gale L. 11, 62, Bayberry 


113, Large 


Alnus crispa (Ait.) Pursh 747, 900, 
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Green alder 

A. rugosa (Du Roi) Spreng. 1030, 
Hoary alder 

A. rugosa (Du Roi) Spreng. var. ameri- 
cana (Regel) Fern. 465 

Betula lutea Michx. f. 38, 482 Yellow 
birch 

B. papyrifera Marsh. 448, White birch 

B. papyrifera Marsh. var. cordifolia 
(Regel) Fern. L13810, Heart-leaved 
birch 

B. pumila L. var. glandulifera Regel 36, 
814, Dwarf birch 

Corylus cornuta Marsh. 310, 772, Beaked 
Hazel 

Quercus ellipsoidalis J. E. Hill 302, 1122, 
Pin Oak 

Q. macrocarpa Michx. f. olivaeformis 
(Michx.) Trel. 30, 31, Bur oak 

Q. rubra L. var. borealis (Michx.) Farw. 
303, 1017, Northern red oak 

Humulus lupulus L. 1327 

Ulmus americana L. 644, White elm 

Urtica procera Muhl. 513, Slender sting- 
ing nettle 

Comandra richardsiana Fern. 336, 837, 
Bastard toad-flax 

Asarum canadense L. 163, Wild ginger 

Polygonum amphibium L. var. stipulaceum 
(Colem.) Fern. L15735, Smartweed 

P. amphibium var. stipulaceum f. fluitans 
(Eaton) Fern. L15851 

P. cilinode Michx. 81, Black bindweed 

P. coccineum Muhl. f. natans (Wieg.) 
Stanf. 861, Scarlet smartweed 

P. coccineum f£. pratincola (Greene) 
Stanf. 613, Shore smartweed 

P. douglasii Greene 1025, Douglas’ knot- 
weed 

P. lapathifolium L. 542, Dock-leaved 
smartweed 

P. persicaria L. 1024, Lady’s thumb 

P. punctatum Ell. 611, Dotted smartweed 

P. ramosissimum Michx. f. atlanticum 
Robins. 293, 386 

Rumex acetocella L. 126, Sheep sorrel 

R. orbiculatus A. Gray 41, 992, Swamp 
dock 

R. patientia L. 263, 364, Patient dock 

R. triangulivalvis (Danser) Reichenb. 
594, 868, Pale dock 

Chenopodium album L. 535, 1012, 
Lamb’s quarters 

C. hybridum L. var. gigantospermum 
(Aellen) Rouleau 478, 601, Maple- 
leaved goosefoot 

C. rubrum L. L15732 

Amaranthus retroflexus L. 534, Red root 

Mollugo verticillata L. 568, Carpet weed 

Claytonia caroliniana Michx. 663, Spring 
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Arenaria lateriflora L. 1535, Sandwort 

Cerastium nutans Raf. 388, Nodding 
mouse-ear-chickweed 

C. vulgatum L. 131, Mouse-ear-chickweed 

Lychnis alba Mill. 472, 586, Campion 

Silene antirrhina L. 338, Catchfly 

Stellaria aquatica (L.) Scop. 609, 749, 
Water chickweed 

S. calycantha (Ledeb.) Bong. 263, North- 
ern stitchwort 

S. longifolia Muhl. 210, Common chick- 
weed 

S. longipes Goldie 167, 1541, Long- 
stalked chickweed 

Ceratophyllum demersum L. 982, Horn- 
wort 

Brasinia schreberi Gmel. 692, 742, Water- 
shield 

Nuphar microphyllum (Pers.) Fern. 1057, 
Small yellow pond lily 

Morong. 444, Ruby pond 
ily 

N. variegatum Engelm. 714, 1063, Great- 
er pond lily 

Nymphaea odorata Ait. 968, Fragrant 
white water lily 

Actaea rubra (Ait.) Willd. 655, 672, 
Red baneberry 

A, rubra f. neglecta (Cillm.) Robins. 449, 
White-fruited baneberry 

Anemone canadensis L. 1185, Canadian 
Anemone 

A. cylindrica A. Gray 1180, Thimble 
weed 

A. quinquefolia L. var. interior Fern. 54, 
1033, Wind anemone 

A. virginiana L. 1597, Tall anemone 

— canadensis L. 367, 781, Colum- 
ine 

Caltha palustris L. 173, 656, Marsh 
Marigold 

Clematis verticillaris DC. 401, 777, Blue 
Clematis 

Coptis groenlandica (Oeder) Fern. 52, 
896, Goldthread 

Hepatica americana (DC.) Ker. 643 

Ranunculus abortivus L. 748, Small 
flowered butercup 

R. acris L. 719, Tall meadow buttercup 

R. flabellaris Raf. L13889, Yellow water 
buttercup 

R. longirostris Godr. L13629, Stiff water 
buttercup 

R, pensylvanicus L. £. 237, 760, Hairy 
buttercup 

R. reptans L. 281, Creeping buttercup 

R. trichophyllus Chaix 233, 941, White 
water buttercup 


T. dasycarpum Fisch. & Lall. 507, 776, 
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Tall meadow rue : 

T. dioicum L. 324, 666, Harly meadow 
rue 

Corydalis aurea Willd. 681, Golden 
Corydalis 

C. sempervirens (L.) Pers. 1067, 1074, 
Pink Corydalis 

Barbarea vulgaris R. Br. 391, 687, Winter 
cress 

Brassica kaber (DC.) L. C. Wheeler var. 
pinnatifida (Stokes) L. C. Wheeler 
757, Field mustard 

Capsella bursa-pastoris (L.) Medic. 121, 
Shepherd’s purse 

Cardamine parviflora L. var. arenicola 
(Britt.) O. E. Schulz 753, Bitter cress 

C. pennsylvanica Muhl. 1351, Common 
cress 

Erysimum cheiranthoides L. L15731, 
Wormseed mustard 

Lepidium densiflorum Schrad. 156, 
Pepperwort 

L. campestre E. Br. 686, Field pepper- 
wort 

Rorippa islandica (Oeder) Borbas var. 
fernaldiana But. & Abbe 419, 732, 
Yellow cress 

Sisymbrium offinale (L.) Scop. var. 
leiocarpum DC. 1856, Tumbling 
mustard 

Sarracenia purpurea L. 255, Pitcher Plant 

Drosera rotundifolia L. 260, Sundew 

Heuchera richardsonii R. Br. var. typica 
Rosend., Butt., Lak. 194, 1112, Alum- 
root 

Mitella nuda L. 641, Miterwort 

Ribes americanum Mill. 615, Wild black 
currant 

R. glandulosum Weber, 209, 875, 
Skunk currant 

R. hirtellum Michx. 198, Ciltated yoose- 
berry 

R. hudsonianum Richards, 509, Northern 
currant 

R. oxycanthoides L. L9036, Northern 
Gooseberry 

R. triste Pall 207, Swamp currant 

Saxifraga virginiensis Michx. 326, Early 
Saxifrage 

Agrimonia striata Michx. 220, 512, 
Agrimony 

Amelanchier alnifolia Nutt. 1117, Alder- 
leaved June berry 

A. bartramiana (Tausch.) Roemer 56, 
1174, Bartram’s June berry 

A. humilis Wieg. 499, 675, Low June 
berry 

A. intermedia Spach 315, June berry 

A. wiegandii Nielsen 1110, June berry 

Crataegus chrysocarpa Ashe 66, Hawthorn 
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C. macrosperma Ashe L13890, 1257, 
Large seeded hawthorn 

C. succulenta Link var. macrantha 
(Lodd.) Eggelst. L 15674 

Fragaria vesca L. var. americana Porter 
631, 657 

Geum aleppicum Jacq. var. strictum (Ait.) 
Fern. 450, 872, Avens 

G. rivale L. 1372, Marsh avens 

Potentilla anserina L. 1513, Silver weed 

P. argentea L. 758, Silver cinquefoil 

P. norvegica L. var. hirsuta (Michx.) 
Lehm. 871, 1108, Rough cinquefoil 

P. palustris (L.) Scop. 383, 973, Marsh 
cinquefoi 

P. simplex Michx. 1619, Trailing cinque- 
foil 

Prunus pennsylvanicum L. f. 490, 731, 
Pin cherry 

P. pumila L. 318, 429, Sand cherry 

P. susquehanea Willd. 928, 1123, Appa- 
lachian cherry 

P. virginiana L. 674, Choke cherry 

Pyrus americana (March.) DC. 14, 
1197, American mountain ash 

P. decora (Sarg.) Hyland 683, 1196, 
Handsome mountain ash 

P. melanocarpa (Michx.) Willd. 1021, 
Choke berry 

Rosa acicularis Lindl. 735, 1042, 
Prickly rose 

R. blanda Ait. 725, 1111, Smooth wild 
rose 

Rubus acridens Bailey L15700 

R. idaeus L. var. strigosus (Michx.) 
Maxim. 399, Raspberry 

R. idaeus var. canadensia Rich. 44, 
Northern raspberry 

R. parviflorus Nutt. 608, Thimble-berry 

R. pensilvanicus Poir. L. 15699 

Spiraea alba Du Roi 43, 960 

S. alba f. rosea J. W. Moore L13622 

Astragalus canadensis L. 2033, Milkvetch 

Lathyrus ochroleucus Hook. 765, 833, 
White wild sweet pea 

L. palustris L. 1519 

L. venosus Muhl. var. intonsus Butt. & St. 
John, 179, 750, Veiny sweet pea 

Melilotus officinalis (L.) Lam. 473, 
Yellow sweet clover 

Psoralia argophylla Pursh 1186, Silver 
Psoralia 

Trifolium agrarium L. 775, Hop clover 

T. hybridum L. 254, Alsike clover 

T. pratense L. 398, Red Clover 

T. repens L. 135, White clover 

Vicia americana Muhl. 86, Common vetch 

V. americana var. truncata (Nutt.) 
Brewer 1919 

Geranium bicknellii Britt. 70, 376, 
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Cranesbill 


G. maculatum L. 1406, 1466, Spotted 
cranesbill 


Euphorbia supina Raf. L 15673 

Polygala paucifolia Willd. 1196a, Fringed 
milkwort 

Callitriche palustris L. 851, 953, Vernal 
water-starwort 

Rhus glabra L. 25, 728, Smooth sumac 

R. radicans L. var. rydbergii (Small) 
Rehd. 502, Poison Ivy 

Ilex verticillata (L.) Gray 95, 230 

Celastrus scandens L. 860, Bittersweet 

Acer negundo L. 722, Box elder 

A. rubrum L. 486, 859, Red maple 

A. saccharinum L. 540, 1152, Soft maple 

A. spicatum Lam. 467, 736, Mountain 
maple 

Impatiens capensis Meerb. 873, 1168, 
Touch-me-not 

Rhamnus alnifolia L’Her 181, Alder- 
leaved buckthorn 

Parthenocissus quinquefolia (L.) Planch 
3131, 453, Woodbine 

Tilia americana L. 32, 92, Basswood 

Hypericum boreale (Britt.) Bickn. 1150, 
L13665, Northern St. John’s-wort 

H. ellipticum Hook, 1635, Yellow St. 
John’s-wort 

H. majus (Gray) Britt. L13664, Com- 
mon St. John’s-wort 

H. virginicum L. var. fraseri_ (Spach.) 
Fern. 659, 1066, Marsh St. John’s- 
wort 

Lechea intermedia Leggett 1121, Pinweed 

Viola adunca J. E. Smith 840, 1027, 
Sand violet 

V. conspersa Reichenb. 637, American 
dog violet 

V. cucullata Ait. 660, Meadow violet 

V. incognita Brainerd 225, 853, Large- 
leaved marsh white violet 

V. novae-angliae House 646, 944, New 
England blue violet 

V. pallens (Banks) Brainerd 864, 951, 
White sweet violet 

V. renifolia Gray 164, 890, Kidney-leaved 
white violet 

V. selkirkii Pursh 226, 633, Long-spurred 
violet 

V. sororia Willd. 1920, 1253, Sister violet 

Circaea alpina L. 403, 1114, Northern 
Enchanter’s nightshade 

C. canadensis Hill 1168 
Tall Enchanter’s nightshade 

Epilobium angustifolium L. 182, 393, 
Fireweed 

E. glandulosum Lehm. var. adenocaulon 
(Haussk.) Fern. 476, 878, Willow- 


herb 


LAKELA: PLANTS OF QUETICO-SUPERIOR RESEARCH CENTER 


497 


Raf. 359, Marsh willow- 

er 

Oenothera parviflora L. 200, 426, Com- 
mon evening primrose 

O. perennis L. 857, 1153, Sundrops 

Myriophyllum exalbescens Fern. 1043, 
Water-milfoil 

M. farwellii Morong 548, 690, Farwell’s 
water-milfoil 

M. verticillatum L. var. pectinatum 
Wallr. L15710 

Hippurus vulgaris L. 1719, Mare’s-tail 

Aralia hispida Vent. 880, 1154, Bristly 
sarsaparilla 

A. nudicaulis L. 75, 648, Sarsaparilla 

A. racemosa L. 481, 1002, Spikenard 

Carum carvi L. 684, Caraway 


Cicuta bulbifera L. 565, 989, Bulblet 
hemlock 


C. maculata L. 373, 852, Spotted hemlock 

Heracleum maximum Bartr. 770, Cow- 
parsnip 

Osmorhiza claytoni (Michx.) C. B. 
Clarke 784, Sweet Cicely 

Sanicula marilandica L. 1261, Sanicle 

Sium suave Walt. 745, 955, Water 
parsnip 

Zizia aptera (A. Gray) Fern. 1188, 
Heart-leaved Alexanders 

Z. aurea (L.) W. D. J. Koch 154, 1008, 
Golden Alexanders 

Cornus alternifolia L. f. 29, Alternate- 
leaved dogwood 

C. baileyi Coulter & Evens 327, 720, 
Bailey’s dogwood 

C. canadensis L. 888, 1039, Bunch berry 

C. canadensis f. florulenta Lak. 223, 
Many-flowered bunch berry 

C. canadensis f. ramosa Lepage 222, 599, 
Branching bunch berry 

C. rugosa Lam. 1106, 1165, Round- 
leaved dogwood 

C. stolonifera Michx. 352, Red-osier 

Chimaphila umbellata (L.) Nutt. var. 
cisatlantica Blake 827, 1139, Pipsissiwa 

Moneses uniflora (L.) Gray 264, 1143, 
One-flowered pyrola 

Monotropa uniflora L. 904, 1141, Indian 


pipe 

Pyrola asarifolia Michx. 177, Shinleaf 

P. elliptica Nutt. 1136, 1147, Common 
Pyrola 

P. secunda L. 416, 1142, One-sided 
Pyrola 

P. virens Schweigg. 50, 1137, Green 
Pyrola 

Andromeda glaucophylla Link. 369, Bog 
Rosemary 

Arctostaphylos uva-ursi (L.) Spreng. 65, 
Bearberry 
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A. uva-ursi var. adenotricha Fern. & 
MacBride 

Chamaedaphne calyculata (L.) Moench. 
var. angustifolia (Ait.) Rehder 59, 645, 
Leatherleaf 

Epigaea repens L. 1654, Trailing arbutus 

Gaultheria hispidula (L.) Bigel 90, 908, 
Snowberry 

G. procumbens L. 621, 1085, Wintergreen 

Kalmia polifolia Wang. 661, Bog laurel 

Ledum groenlandicum Oeder 813, 881, 
Labrador Tea 

Vaccinium angustifolium Ait. 642, 1251, 
Blueberry 

V. macrocarpon Ait. 927, 1156, Large- 
fruited cranberry 

V. myrtilloides Michx. 68, Lowland blue- 
berry 

V. oxycoccus L. 812, Small fruited cran- 
berry 

Lysimachia ciliata L. 766, 1118, Fringed 
loosestrife 

L. terrestris (L.) BSP. 976, 1138, Com- 
loosestrife 

L. thyrsiflora L. 400, 422, Tufted loose- 
strife 

Trientalis borealis Raf. 892, 1034, Star- 
flower 

T. borealis f. pluriverticillata Marie Vic- 
torin & Rolland, 628, Whorled star- 
flower 

Fraxinus nigra Marsh. 15, 451, Black ash 

F. pennsylvanica Marsh. 474, 1128, Red 
a 

F. pennsylvanica Marsh. var. subinteger- 
rima (Vahl.) Fern. 470, 1124, Green 
sh 


a 

Halenia deflexa (Sm.) Griseb. 1009, 
Spurred gentian 

Menyanthes trifoliata L. var. minor Raf. 
846, Buckbean 

Apocynum androsaemifolium L. 127, 
670, Dogbane 

Asclepias incarnata L. 431, Swamp milk- 
weed 

Convolvulus spithamaeus L. 1189, Dwarf 
bindweed 

Cuscuta gronovii Willd. L13610, Dodder 

Cynoglossum boreale Fern. 109, Hound’s 
tongue 

Hackelia americana (A. Gray) Fern. 406, 
Nodding stickseed 

Lithospermum canescens (Michx.) Lehm. 
1626, Hoary Puccoon 

Mertensia paniculata (Ait.) G. Don 665, 
Tall lungwort 

Myosotis scorpioides L. 1004, Forget-me- 
not 

Dracocephalum parviflorum Nutt. 184, 
717, Dragonhead 

Galeopsis tetrahit L. 745, 1169, Hemp 
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nettle 
Lycopus americanus Muhl. 258, American 
Horehound 
L. uniflorus Michx. 597, 1125, Northern 
bugle weed 


Mentha arvensis L. 514, 598, Sweet mint 

M. arvensis var. glabrata (Benth.) R. S. 
Stewart 521, 810, Smooth sweet mint 

Prunella vulgaris L. 120, 337, Selfheal 

Scutellaria epilobiifolia A. Hamilt. 239, 
965, Marsh skullcap 

S. lateriflora L. 378, 520, Mad-dog skuil- 
cap 

Stachys palustris L. 1014, Woundwort 

S. palustris var. homotricha Fern. 362, 
215, Hairy woundwort 

Chamaesaracha grandiflora (Hook.) Fern. 
414, 567, Large-flowered ground cherry 

Melampyrum lineare Lam. 919, 1148, 
Cow wheat 

Mimulus ringens L. 286, 985, Monkey 
flower 

Scrophularia lanceolata Pursh 170, 1007, 
Figwort 

Veronica scutellata L. 1146, Speedwell 

Veronicastrum virginicum (L.) Farw. 
1006, Culver’s physic 

Utricularia intermedia Hayne 622, 
Smaller bladderwort 

U. vulgaris L. 830, 1195, Common 
bladderwort 

Plantago major L. 409, Common plantain 

Galium asprellum Michx. 1353, Rough 
bedstraw 

G. boreale L. 199, 768, Northern bed- 
straw 

G. tinctorium L. 289, Marsh bedstraw 

G. trifidum L. 1711, Slender bedstraw 

G. triflorum Michx. 409, 1129, Sweet 
bedstraw 

Diervilla lonicera Mill. 83, Bush honey- 
suckle 

D. lonicera var. hypomalaca Fern. 324, 
Downy-leaved bush honeysuckle 

Linnaea borealis L. var. americana 
(Forbes) Rehd. 99, 906, Twinflower 

Lonicera canadensis Marsh. 55, 350, 
American Fly-honeysuckle 

L. dwica L. var. glaucesens (Rydb.) 
Butters 335, 387, Climbing honeysuckle 

L. hirsuta Eat. 283, 405, Hairy climbing 
honeysuckle 

L. villosa (Michx.) var. solonis (Eaton) 
Fern. 1508 

Sambucus pubens Michx. 673, 11, 503, 
Elderberry 

Symphoricarpus albus (L.) Blake 332, 
Snowberry 

Viburnum rafinesquianum Schult. 96, 493, 
Arrow-weed 

V. rafinesquianum var. affine (Bush) 
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House 34, 718, Downy arrow-wood 

V. trilobum Marsh. 463, 629, Highbush 
cranberry 

Campanula aparinoides Pursh 238, Marsh- 
bellflower 

C. rotundifolia L. var. intercedens (Wit- 
asek) Farw. 341, 988, Harebell 

Rydb. 436, 458, Swamp blue- 


Lobelia dortmanna L. 916, Water Lobelia 

L. spicata Lam. 1863, Pale Lobelia 

Achillea lanulosa Nutt. 142, Woolly 
Yarrow 

Ambrosia psilostachya DC. var. coronopi- 
folia (T. & G. Fern. L15736, Perennial 
ragw 

Ambrosia trifida L. 727, Tall ragweed 

Anaphalis margaritacea (L.) C. B. Clarke 
var. intercedens Hara 614, 884, Pearly 
Everlasting 

Antennaria canadensis Greene 309, 1133, 
Pussy-toes 

A. munda Fern. 759, 1140, Trim ever- 
lasting 

Arctium minus (Hill) Bernh. 515, Bur- 
dock 

Artemisia absinthium L. 161, Wormwood 

Aster ciliolatus Lindl. 832, 1100, Blue 
northern aster 

A. junciformis Rydb. 1181, Bog aster 

A. lateriflorus (L.) Britt. 500, 1247, 
Calico aster 

A. macrophyllus L. 84, 462, Large-leaved 
northern aster 

A. puniceus L. 508, 877, Swamp aster 

A. ptarmicoides (Nees) T. & G. 2019, 
Ptarmigan aster 

A. simplex Willd. 624, 539, Common 
white aster 

A. simplex var. interior (Wieg.) Cronq. 
L15684a 

A. simplex var. ramosissimus (T. & G.) 
Cong. L15716 

A. umbellatus Mill. var. pubens Gray 
593, Flat-topped white aster 

Bidens cernua L. 588, Nodding bur 
marigold 

B. frondosa L. 607, Beggar ticks 

Chrysanthemum leucanthemum L. var. 
pinnatifidum Lecoq & Lamotte 123, 
870, Oxeye daisy 

Cirsium arvense (L.) Sep. 410, Canada 
thistle 

C. muticum Michx. 192, 494, Swamp 
thistle 

C. vulgare (Savi) Tenore L13653a, Bull 
thistle 

Crepis runcinata (James) T. & G. June 
28, °52 Ahlgren, Hawk’s beard 

Erigeron canadensis L. 602, Horse weed 


E. philadelphicus L. 773, Fleabane 

E. strigosus Muhl. 333, 782, Rough flea- 
bane 

Eupatorium maculatum L. 510, Joe-Pye 
weed 

Gnaphalium macounii Greene 614, Sweet 
cud weed 

Helenium autumnale L. var. canaliculatum 
(Lam.) T. & G. 2023, Sneezeweed 

Helianthus maximiliana Schrad. 1171, 
Showy sunflower 

H. laetiflorus Pers. var. rigidus (Cass) 
Fern. 1148, Stiff sunflower 

H. laetiflorus Pers. var. subrhomboideus 
(Rydb.) Fern. L15740, Prairie Sun- 
flower 

Hieracium aurantiacum L. 789, Orange 
Hawkweed 

H. canadense Michx. var. fasciculatum 
(Pursh) Fern. 331, 496, Common 
hawkweed 

H. scabrum Michx. 1104, 1170, Rough 
hawkweed 

Lactuca biennis (Moench.) Fern. 506, 
Blue lettuce 

L. canadensis L. 290, Wild lettuce 

Liatris pychnostachya Michx. 2017, 
Blazing star 

Matricaria matricarioides (Less.) Porter 
119, 196, Chamomile 

Megalodonta beckii (Torr.) Greene 546, 
996, Water bur-marigold 

Petasites palmatus (Ait.) A. Gray 257, 
418, Sweet coltsfoot 

P. vitifolius Greene 1069, Arrow-leaved 
coltsfoot 

Prenanthes alba L. 852, Rattlesnake root 

Rudbeckia serotina Nutt. 1013, Brown- 
eyed Susan 

Senecio pauperculus Michx. var. bal- 
samitae (Muhl.) Fern. 253, 769, 
Golden ragwort 

Solidago canadensis L. 589, Canada 
goldenrod 

S. gigantea Ait. L13898 

S. gigantea var. leiophylla Fern. 1022, 
Tall goldenrod 

S. graminifolia (L.) Salisb. 619 

S. hispida Muhl. 1107, 1115, Hispid 
goldenrod 

S. juncea Ait. 345, Slender goldenrod 

S. missouriensis Nutt. var. fasciculata 
Fern. 501, Early goldenrod 

S. nemoralis Ait. 1230, Pasture goldenrod 

S. uliginosa Nutt. 1070, Swamp golden- 
rod 

S. rigida L, L15733, Stiff Goldenrod 

Sonchus arvensis L. 477, Sow thistle 

S. asper (L.) Hill, L15702, Rough sow 
thistle 
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Taraxacum officinale Weber var. palustre 
(Sm.) Blytt. 79, Common dandelion 
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Tragopogon major Jacq. 767, Goat’s- 
beard 


ADDENDUM 


The appended list was compiled from additional collections made during the summer 


of 1953. 


Sparganium americanum Nut. L16474, 
Nuttall’s bur-reed 

Alisma triviale Pursh L16318, Large- 
flowered water plantain 

Calamogrostis inexpansa Gray L16419, 
Bog reed grass 

Carex Backii Boott L16472, Back’s sedge 

C. comosa Boott L16472, Bristly sedge 

C. deflexa Hornem. L13986, Bent sedge 

C. pseudo-cyperus L. L16505, Cyperus 


ge 

C. scoparia Schkuhr f. condensa (Fern.) 
Kuckenth. L. 16458, Broom sedge 

C. viridula Michx. L16424, Green sedge 

Heteranthera dubia (Jacq.) MacM. 
L16487, Water star-grass 

Cypripedium acaule Ait. L16311 Moccasin 


flower 


Habenaria orbiculata (Pursh) Torr. 
L16378, Round-leaved rein orchid 

Shepherdia canadensis (L.) Nutt. 
L16349, Canadian buffalo-berry 

Circaea quadrisulcata (Maxim.) Franch. 
& Sav. var. canadensis (L.) Hara 
L16499 

Pyrola rotundifolia L. var. americana 
(Sweet) Fern. L16372, Round-leaved 
pyrola 

P. secunda L. var. obtusata Turcz. 
L16377, Lesser one-sided pyrola 

Monarda fistulosa L. var. mollis (L.) 
Benth. L16358, Wild bergamot 

Viburnum lentago L. 2326, Black haw 

Erigeron annuus L. L16352, Annual 
fleabane 

Rudbeckia laciniata L. L16354, 
Goldenglow 


‘ 
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Notes on Wisconsin Parasitic Fungi. XIX. 


H. C. Greene 


Department of Botany, University of Wisconsin, Madison 


The collections on which this series of notes is based were, unless stated 
otherwise, made during the season of 1952. 


Powdery mildews, undetermined as to species, have been observed on the 
following hosts, upon which such fungi have not been previously recorded 
as occurring in Wisconsin: Solidago flexicaulis (latifolia), Columbia Co., Gib- 
raltar Bluff near Okee, September 23, 1951; Potentilla norvegica var. hirsuta, 
Dane Co. near Sauk City, September 5; Asclepias syriaca, Dane Co., Madison 


September 8; Asclepias phytolaccoides, Dane Co., Madison, September 19; 
Chrysanthemum parthenium, Dane Co., Madison, July 19. 


PUCCINIA ELLISIANA Thiim. It was reported by J. J. Davis as having occurred on 
Viola pedata at Racine in 1903, but there is no specimen at the University of Wisconsin. 
The rust was present on this host in abundance in June 1952 at Gibraltar Bluff in Colum- 
bia Co. P. ellisiana is obviously closely linked with Wisconsin’s vanishing prairie flora 
and seems to turn up only on the few relatively large and undisturbed prairie remnants 
now left in the state. 

PHYLLOSTICTA sp. was collected on leaves of Ranunculus pennsylvanicus at Madison, 
July 3, end the lesions produced by it are so similar to those formed on Ranunculus 
rhomboideus by Septoria polaris Karst. as to have been mistaken for the latter in the field. 
The ashen brown spots are more or less angled, the black, globose pycnidia are 100-135 # 
diam. The conidia are hyaline and rod-shaped, very numerous in the pycnidium, about 
46x 1.5 p. 

PHYLLOSTICTA ABORTIVA Ell. & Kell. was described (Jour. Mycol. 1: 4. 1885)as 
occurring on large and distinctive lesions on leaves of Menispermum canadense, and as 
having the spores imperfectly developed. The collection was made at Manhattan, Kans., 
in November. Tehon and Daniels (Mycologia 19: 119. 1927) re-examined the type 
specimen and found that some of the pycnidia contained scolecospores, so they assigned 
the fungus to Septoria and published an emended description. In October 1926 at Blue 
River, Grant Co., J. J. Davis collected a fungus on the same host, with lesions correspond- 
ing closely with those of Septoria abortiva. Most of the small pycnidia of this specimen 
are likewise sterile, but a few contain hyaline microconidia, rod-shaped, about 4 x 1 uy. 
None that were examined bore scolecospores. It is assumed that the Wisconsin fungus, 
a late season development as was the type specimen, is the precursor of a perfect stage, 
perhaps a Mycosphaerella, which requires overwintering to complete the cycle. 

PHYLLOSTICTA sp. occurred on rounded to elongate, reddish-brown areas on living 
leaves of Aster oblongifolius at Madison, August 25. The dark-brown pycnidia are sub- 
globose, with a ring of blackish cells around the ostiole, about 125 uw diam. The conidia 
are hyaline, subcylindric to subfusoid, 5-7 x 2.5-3 Hu. 

PHyYLLostictTa on leaves of Lactuca spicata, collected near Potosi, Grant Co., August 
16, seems close to P. mulgedii J. J. Davis (Trans. Wis. Acad. Sci. 16: 761. 1910), but 
I find no specimen of the latter for comparison in the Wisconsin Herbarium. In the 
Potosi collection the epiphyllous pycnidia are mostly gregarious on small, sunken, ashen 
spots which, in turn, are clustered in orbicular to variously elongate brown areas, up to 
3 cm. diam. The conidia are subcylindric, elliptic, or ovoid, with a greenish tinge, 4-6.5 
x 3-4 w. The lesions of P. mulgedii are described as similar, although said to be a uni- 
form dark brown. The conidia, however, were hyaline, 3-7 x 3 wu. 

PHOMA sp. occurred on living stems of an undetermined species of Cuscuta parasitizing 
nettles in a marsh at Madison, July 8. The pycnidia are subglobose, sooty-brown, about 
175 « diam., while the conidia are continuous, hyaline, guttulate, subfusoid to fusoid, 
10-17 x 3-4 mw. In shape, the conidia suggest Phomopsis, but scolecospores were not seen, 
There is an almost total lack of reports of parasites on dodder. 
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PHOMOPSIS sp. is present on dead, blackened portions of fronds of Athyrium angus- 
tum, collected at Madison, July 8. The pycnidia are most inconspicuous and the rela- 
tionship of fungus to death of host is questionable. The scattered pycnidia are subglobose, 
dull yellowish brown, about 100-125 @ diam. The Phoma-type spores are subfusoid to 
fusoid, hyaline and granular, 7-13 x 2.5-4 uw. The scolecospores are hyaline, continuous, 
strongly curved, tapering to a sharp point at each end, 30-50 (mostly 40-50) x 1.5-2 yu. 

PHomopsis sp. (?) occurred on dead tips of leaf segments of Tagetes erecta (cult.) 
at Madison, September 7. The pycnidia are crowded, large, prominent, black, subglobose, 
up to about 300 # diam. At the extreme, there are two types of conidia present, 1) short, 
stout, sublimoniform, about 6-7 x 3.5 uM, and 2) very slender fusiform, about 11-13 x 
2.5 wu. There are, however, intergrades present and there is not the usual sharp differentia- 
tion between A- and B-type spores. What appears to be the same organism was also found 
on leaves of Zinnia elegans (cult.) at Madison, September 16. 

DOTHIORELLA QUERCINA (C. & E.) Sacc. is listed in manuals of plant diseases as 
causing a twig blight of oak. A specimen from Hartland, Waukesha Co., on red oak, 
where it was said to be causing die-back of twigs, was seen in July 1952, but active para- 


istism seems uncertain. The late J. J. Davis collected a specimen on white oak at Madi- 
son, on dead, overwintered limbs. 


AscocnyTa (?) occurs on leaves of Corylus americana, collected in the Town of 
Primrose, Dane Co., July 12, 1951. Possibly an immature Stagonospora. The dark 
brown pycnidia are epiphyllous in small groups on rather large (4-7 mm.), orbicular, dull- 
purplish spots. The pycnidia are about 80-100 y« diam. and seem rather poorly developed 
below—conceivably the fungus could be assigned to the Leptostromataceae. The conidia 
are hyaline, cylindric, subcylindric, or subfusoid, continuous or 1-septate, 6-14 x 2.5- 3.5 yu. 


ASCOCHYTA sp. appears in small amount on leaves of Aster sericeus collected at White 
Lake, Langlade Co., September 1951. The large and conspicuous black pycnidia, 175- 
200 yw diam., are subseriately arranged on elongate pale brown spots. The conidia are 
mostly about 10-15 x 3 #, with some up to 20 uw. The conspicuous, protruding pycnidia, 
readily visible even on the very hairy host leaves, do not admit of assigning this to 
Ascochyta compositarum J. J. Davis. 


DaRLUCA FILUM (Biv.) Cast. on telia of Puccinia canaliculata (on Cyperus strigosus, 
Madison, August 20) bears numerous hyaline microconidia, about 3 x 114 #, in the same 
pycnidia with normal Darluca conidia. 


DarLUCA FILUM (Biv.) Cast. occurred on aecia of Puccinia caricis on Ribes missouri- 
ense, near Monticello, Green Co., June 10. 


SEPTORIA SIGMOIDEA Ell. & Ev. is represented in the Wisconsin Herbarium by two 
specimens on Panicum virgatum, one collected near Lynxville, Crawford Co., in 1915, the 
other taken recently at Madison. The spores in both have a fuliginous tint and, from 
their shape and thickness, I judge they would be better assigned to Hendersonia. The 
description makes no statement as to color of the spores, or lack of it. In other features 
the Wisconsin material closely corresponds. Sprague fails to mention S. sigmoidea in his 
Diseases of Cereals and Grasses in North America. 

Seproria sp. on Smilacina racemosa. Green Co., New Glarus Woods, September 4. 
This form, very different from the coarse Septoria smilacinae Ell. & Mart., occurs on an 
elliptic, pale tan, red-bordered spot, about 1.5 cm. long. The pale, translucent, widely 
ostiolate pycnidia are about 50-75 « diam., somewhat flattened, and closely crowded. The 
spores are hyaline, granular, more or less curved, usually tapered more at one end than 
at the other, mostly 3-septate, approx. 20-30 x 2.5-3 wu. 


Septoria sp., collected on Lathyrus ochroleucus at Otsego, Columbia Co., July 26, 
seems not to correspond well with any of the rather numerous species described on Lathyrus 
and the closely related Vicia. The large, globose, thin-walled, pale brown pycnidia, 150- 
175 mw diam., are epiphyllous on indeterminate, sordid brown lesions. The spores are 
hyaline, straight or moderately curved, with blunt ends, or occasionally with one end 
tapered more than the other, granular and seemingly continuous, 35-55 x 2.5 H. 

LEPTOTHYRIUM sp., or a form closely related thereto, is present in profusion on gray- 
ish cankers encircling dead tips of twigs on living branches of a planted, but long-estab- 
lished tree of Juniperus virginiana in the University of Wisconsin Arboretum at Madison. 
The black, hemispherical or slightly elongate, radiate fruiting bodies occur subseriately on 
the cankers, which are located some distance back from the tip and adjacent to still living 
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tissue. These bodies are approx. 125-175 @ diam., and the conidia are produced on broad- 
ly bottle-shaped, almost isodiametric, hyaline cells, 3-4 4 wide, which appear to line the 
basal portion of the fruiting structure. The continuous, hyaline conidia are cylindric, 


short-cylindric or subfusoid, 4-6.5 x 2-3 u. The taxonomic position and parasitism are 
uncertain. 


KABATIA MIRABILIS Bubak on Lonicera oblongifolia was reported from Wisconsin by 
J. J. Davis (Trans. Wis. Acad. Sci. 30: 12. 1937). I. L. Conners has studied the two 
specimens in question and finds differences in spore size and placement of septa which he 
regards as being of varietal significance, and it is my understanding that he proposes so to 
treat the Wisconsin material in a forthcoming publication. 


COLLETOTRICHUM sp., which seems not to be C. helianthi Davis, is epiphyllous and 
possibly parasitic on large, irregular, brown lesions on leaves of Helianthus strumosus, 
collected at Gibraltar Bluff, Columbia Co., July 30. The lesions are mostly somewhat 
elongate and marginal, with numerous small acervuli rather evenly dispersed over them. 
The conidia are quite uniformly about 20 x 3.5 , whereas those of C. helianthi are most- 
ly over 25 # long, and often run to 30 uw or more. The lesions in the latter species are 
small and very sharply delimited, which is not the case with the specimen in question. 


CYLINDROSPORIUM CRESCENTUM Barth., common on wild parsnip in Wisconsin, has 


been transferred to Phleospora, as P. crescentium (Barth.) E. A. Riley (Mycologia 44: 
213. 1952). 


CYLINDROSPORIUM sp., overgrowing black knot galls on Prunus serotina at Madison, 
June 20, although no doubt saprophytic on this substratum, is of considerable interest be- 
cause of its possible connection with Cylindrosporium lutescens, the conidial stage of Coc- 
comyces lutescens Higgins, cause of the leaf “shot hole” of black cherry. The spores 
produced on the galls are suggestively similar in shape to those formed on leaves, but are 


somewhat shorter, a fact that might be due to a smaller available supply of water and 
nutrients. 


FUSICLADIUM RADIOSUM (Lib.) Lind., on fallen leaves from mature trees of Populus 
grandidentata from Devils Lake, Sauk Co., and from near Portage, Columbia Co., col- 
lected in September, is very different in habit from all other specimens in the Wisconsin 
Herbarium. Most of these were taken in June and the fruiting is in the effused patches 
which seems to be characteristic. From practical considerations in gathering them they are 
also usually on juvenile leaves from low-growing shoots. The fallen leaves have extremely 
conspicuous orbicular gray lesions, 1-2 cm. diam., bearing on them scattered, epiphyllous, 
punctate fruiting aggregates, not much more than 100 u diam. The conidia are apparent- 
ly those of F. radiosum, and it seems likely that if leaves from mature trees were studied 
early in the season, this type of lesion would be found to be not uncommon. 


MASTIGOSPORIUM RUBRICOSUM (Dearn. & Barth.) Nannf., causing eye-spot disease 
of Calamagrostis canadensis in Wisconsin, was reported in Davis’ early lists of Wisconsin 
parasitic fungi as Mastigosporium album Riess. var. calyvum Ell. & Davis. In later publica- 
tions Davis referred to it simply as M. album, but it now appears that M. rubricosum is 
the name properly applied. Bollard (Trans. Brit. Mycol. Soc. 33: 250-275. 1950) has 
published a quite definitive study of the genus Mastigosporium. 

CERCOSPORA MUHLENBERGIAE Atk. seems to be a dubicus member of the genus. A 
specimen on nodes and sheath collars of Muhlenbergia mexicana, collected September 3 
near Poynette, Columbia Co., was sent to Charles Chupp for his opinion. The conidia 
are very stout and nearly all are 1-septate. Chupp states that while this is plainly the 
fungus that was originally named C. muhlenbergiae, a representative Cercospora should 
have conidia that average 3 or more septa. This is another case demonstrating the lack of 
hard and fast lines between genera. 


ALTERNARIA sp., which may well be parasitic, occurs on strikingly sharp spots on 
leaves of Aster linariifolius, collected in Sauk Co., near Spring Green, August 12. This 
has been noted at other stations on several earlier occasions, but not before in such pro- 
fusion. The small spots are white or ashen, round, oblong, or more elongate, 1-4 mm., 
with a narrow, raised, yellowish-brown margin. Their width is limited to one-half of that 
of the narrowly linear, strongly ribbed leaf. The small tubercles from which the spreading 
tufts arise are situated within the stomata and there is hence a regular dispersion pattern 
of tufts over the spots. The phores are dark olivaceous below, paler at the tips, mostly 
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once or twice septate, occasionally 3-4 or more septate, usually somewhat tortuous and 
several times geniculate, 35-65 x 3.5-4.5 wu. Although the conidia are quite small, they 
are of the usual Alternaria type, muriform, about 30-40 yw in overall length, by 10-12 u 
wide at base. There is no evidence of insect infestation but some of the spots bear, in- 
stead of the Alternaria, a Phyllosticta discussed by me in an earlier series of notes (Amer. 
Midl. Nat. 48: 39. 1952), so it seems possible that the Alternaria is secondary on spots 
caused by the Phyllosticta, but on which pycnidia failed to develop. 


FusARIUM HETEROSPORUM Nees, so-called, produces strikingly brilliant red-orange 
growths on, or associated with, sclerotia of Claviceps purpurea (Fr.) Tul. in the inflores- 
cences of various grasses. It has been noted occasionally in Wisconsin and Davis at one 
time reported it as a parasite, but seems later to have changed his mind as to its status. 
Exceptionally fine material occurred on quack grass at Madison in 1952. 

Morus rubra at Madison, in June, on dead brown leaves of the terminal twigs bore 
an indeterminate fungus which, it seems possible, may be the conidial stage of a Basidiomy- 
cete. Numerous rounded, closely appressed, sordid-whitish clumps of the fungus are 
thickly scattered over the leaves, suggesting Cylindrosporium. These proved, however, to 
be aggregations of hyaline, ellipsoid or subfusoid spores associated with larger, rounded, 
thick-walled cells, and seemingly, in some cases at least, borne on the latter. The spores 
are frequently budded, but it does not appear that the fungus in question is a yeast or 
related form. Probably merely superficial and secondary, but possibly parasitic. 


DOTHICHIZA sp. (?) occurred on the upper surface of lesions produced by Phrag- 
midium ivesiae on Potentilla recta at Madison in June. Under a hand lens the fungus 
has the aspect of a still-covered Gloeosporium, but proves instead to be a pycnidial form, 
rather strongly erumpent when moist, but collapsing upon drying. These pycnidia lack 
definite ostioles, appear subcuticular, are dark brown, thin-walled, with the entire inner 
wall surface covered with slender, olivaceous, closely ranked conidiophores, about 15-18 x 
1.5 “. The hyaline conidia are rod-shaped, mostly 4-5 x 1.5 uw. In section the pycnidia 
are somewhat flattened, up to 200 wu diam. x 100 u thick. Since spermogonia are unknown 
for P. ivesiae it does not seem likely that the structures described have any direct relation 
with the rust. 

“RHYTISMA” SOLIDAGINIS Schw., the black, elliptic, applanate growth which occurs 
commonly on the linear leaves of Solidago graminifolia, has been found in very character- 
istic development on the likewise linear leaves of Aster linariifolius at a station in Dane 
Co., near Sauk City. Although this fungus is said to be associated with and follow insect 
activity, I have not personally seen anything in the field to confirm the correctness of this 
view. 

Mublenbergia uniflora, collected in autumn in northwestern Wisconsin, and represented 
by a number of phanerogamic specimens in the Wisconsin Herbarium, shows, in several 
instances, prominent, elongate, erumpent yet deeply seated, black, sclerotium-like bodies 
thickly dispersed over the current season’s flowering stems. Within some of these struc- 
tures there are numerous rod-shaped microconidia. It seems probable that this is the 
parasitic precursor of a perfect stage which requires overwintering for fulfillment. 


ADDITIONAL Hosts 


The following hosts have not been previously recorded as bearing the fungi 
mentioned in Wisconsin. 


ERYSIPHE CICHORACEARUM DC. on Aster sericeus. Dane Co. near Sauk City, Sep- 
tember 5. 


CLAVICEPS PURPUREA (Fr.) Tul. Sclerotia on Festuca obtusa. Columbia Co., Gib- 
raltar Bluff near Okee, July 30. 


ACANTHOSTIGMA OCCIDENTALE (Ell. & Ev.) Sacc. Conidial stage on Petalostemum 
villosum. Dane Co., Madison, August 20. Also on Amorpha canescens at the same 
station, August 23. The first time this has been noted in Wisconsin on non-composites. 
Seemingly the prime requisite is a densely hairy host leaf surface. One might be inclined 
to question the parasitism of such a fungus were it not for the fact that it occurs on healthy 
green leaves which are clean and free from insect droppings. 


CoLeosporiuM Arth. II, III on Viburnum lantana (cult.). Dane Co., 
Madison, July 21. 
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PUuCCINIA STIPAE Arth. I on Aster laevis. Green Co., near Albany, June 1. 


PUCCINIA HELIANTHI Schw. II, III on Helianthus petiolaris. Columbia Co., near 
Dekorra, August 22. An eastward extension of the Manual range. 


CINTRACTIA SUBINCLUSA (Korn.) Magn. on Carex vesicaria. Vilas Co., Boulder 
Junction, August 14, 1936. Coll. J. J. Davis. 


XENOGLOEA ERIOPHORI (Bres.) Syd. on Scirpus pedicellatus. Columbia Co., Gibraltar 
Bluff near Okee, July 30. On Scirpus cyperinus var. pelius. Green Co., near Albany, 
August 5. 


PHYLLOSTICTA ORBICULARIS Ell. & Ev. on Sicyos angulatus. Dane Co., Madison, 
August 24. 

NEOTTIOSPORA ARENARIA Syd. on Carex muhlenbergii. Columbia Co., near Lodi, 
July 23. Especially prominent on dead upper portions of stems still green below. 

ASCOCHYTA GRAMINICOLA Sacc. on Muhlenbergia schreberi. Dane Co., Madison, 
August 4. Abundant on lower leaves, which were dead at the time of collection. 


ASCOCHYTA COMPOSITARUM J. J. Davis on Ratibida pinnata. Dane Co., Madison, 
July 2. In this specimen the pycnidia are subglobose, pale brown, thin-walled, 150-175 u 
diam., the l-septate conidia 10-14 x 3.5-4 u. Probably a composite species in more senses 
than one. This is one of an overlapping series which have been collected on diverse Com- 
positae in Wisconsin. 

DaRLUCA FILUM (Biv.) Cast. on Puccinia calthae II on Caltha palustris. Dane Co., 
Madison, July 4. On Puccinia andropogonis II on Andropogon furcatus. Columbia Co., 
Portage, September 15. On Puccinia stipae I. Columbia Co., Black Hawk’s Lookout near 
Prairie du Sac, May 7, 1948. The host was erroneously reported in my Notes XIII 
(Amer. Midl. Nat. 41: 743. 1949) as Puccinia extensicola. The latter still stands as a 
host, however, for at Madison in June 1952 Darluca was collected on aecia of P. extensi- 
cola on Solidago altissima. Darluca is of course common on uredia of this rust. 

SEPTORIA ULMARIAE Oud. on Filipendula ulmaria (cult.). Dane Co., Madison, 
July 6. 

SELENOPHOMA DONACIS var. STOMATICOLA (Baueml.) Spr. & Johns. on Aristida 
tuberculosa. Sauk Co., near Spring Green, August 12. Most of the conidia are about 
14-16 x 3 uw. Also on Aristida basiramea at Madison, Dane Co., August 20. 


CAMAROSPORIUM ROUMEGUEREI Sacc. on Kochia scoparia. Dane Co., Madison, 
July 18. 


PHLEOSPORA ACERIS (Lib.) Sacc. on Acer saccharum. Dane Co., Madison, Sep- 
tember 3. 


COLLETOTRICHUM GRAMINICOLA (Ces.) Wils. on Festuca ovina. Dane Co., Madi- 
son, July 19. 

BotryTIs CINEREA Pers. on Euphorbia marginata. Dane Co., Madison, August 4. 
Appearing definitely and strongly parasitic on sharply delimited, rounded, grayish, sub- 
zonate, sunken spots. 


CLADOSPORIUM ASTERICOLA J. J. Davis on Aster azureus. Dane Co., near Sauk City, 
September 5. 


CERCOSPORELLA SCIRPINA J. J. Davis on Scirpus cyperinus var. pelius. Green Co., 
near Albany, August 5. 

Cercospora ELEOCHaRIDIS J. J. Davis on Eleocharis elliptica. Dane Co., Madison, 
July 9. On Eleocharis compressa, also at Madison, July 16. On this latter host the 
spores are quite robust. 

Cercospora juNCI J. J. Davis on Juncus dudleyi. Dane Co., Madison, July 9. 
Restricted to the narrow-acuminate perianth “leaves.” 

CERCOSPORA BETICOLA Sacc. on Kochia scoparia. Dane Co., Madison, July 18. 

CERCOSPORA ALTHAEINA Sacc. on Napaea dioica. Towa Co., near Arena, Septem- 
ber 17. 


CERCOSPORA LECHEAE Chupp & Greene on Lechea tenuifolia. Dane Co., Paoli, 
August 9. 


CERCOSPORA OMPHACODES Ell. & Holw. on Phlox paniculata. Towa Co., along 
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County Trunk C, 3 mi. southeast of Lone Rock, August 12. 


TUBERCULINA PERSICINA (Ditm.) Sacc. on Puccinia caricis I on Ribes missouriense. 
Green Co., near Monticello, June 10. On Uromyces halstedis I on Trillium grandiflorum. 
Clark Co., Worden Twp., June 29. Coll. M. S. Bergseng. 


STILBUM TOMENTOSUM Schrad. ex Fr. on Hemitrichia clavata. Dane Co., Madison, 
September 24. Coll. R. Tinline. 


ADDITIONAL SPECIES 


The fungi mentioned have not been previously reported as occurring in 
Wisconsin. 


Mazzanti GALI (Fr.) Mont. on Galium boreale. Dane Co., Madison, August 21. 
Immature, but a highly distinctive species which compares exactly with Rabenhorst’s Euro- 
pean specimens. The Wisconsin collection appears definitely parasitic on dead branches of 
otherwise still living plants. That the branches should be completely killed back is not 
surprising when one observes the thickly studded, deep-seated erumpent stromata. 

LEPTOSPHAERIA ELYMI Atk. on Elymus villosus. Columbia Co., near Poynette, 
August 5. Well matured, and appearing strongly parasitic on the pallid, elongate lesions. 


Phyllosticta sorbariae sp. nov. 


Maculis pallidis, marginibus angustis, fusco-brunneis, tenuibus, pellucidis, orbicularibus 
vel elongatis, 2-3 mm. diam, plerumque; pycnidiis pallido-brunneis, muris tenuibus, sub- 
globosis vel planis nonnihil, gregariis, 75-200 u diam., plerumque 100-150 @ ca.; conidiis 
hyalinis, cylindraceis, subcylindraceis, vel subfusoideis, 4-7 x 3-3.5 H. 

Spots pallid, with narrow dark brown border, thin, translucent, orbicular to somewhat 
elongate, mostly 2-3 mm. diam.; pycnidia pale brown, thin-walled, subglobose or somewhat 
flattened, gregarious, 75-200 m diam., mostly about 100-150 yw; conidia hyaline, cylindric 
to subcylindric or subfusoid, 4-7 x 3-3.5 yw. 

On Sorbaria sorbifolia. (On living leaves). Ferry Bluff, Town of Prairie du Sac, 
Sauk County, Wisconsin, U. S. A., July 11, 1952 

The spots are comparatively few, usually only on one or two leaflets per leaf. How- 
ever, many leaves were infected. When elongate the spots are up to 5 x 2 mm. Because 
of the extreme thinness of the affected tissue the pycnidia protrude rather noticeably in the 
fresh material. I have not found reports of any fungi on Sorbaria. 


Phyllosticta numerospora sp. nov. 

Maculis nullis, foliis morbidis constanter flavis vel suffuscis; pycnidiis gregariis epiphyl- 
lis, fuscis, planis infra, magnis, 180-230 « diam.; conidiophoris confertis, brevibus, tenui- 
bus, 4 x 2 # ca.; conidiis hyalinis, cylindraceis, numerosissimis, 4-6 x 1.5-2 yw. 

Spots none, infected leaves uniformly straw-colored or brownish; pycnidia gregarious, 
epiphyllous, dark brown, flattened at base, large, 180-230 @ diam.; conidiophores closely 
packed, short, slender, about 4 x 2 yu; conidia hyaline, cylindric, very numerous, 4-6 x 
1.5-2 

On dead leaves of still living plants of Potentilla argentea. Madison, Dane County, 
Wisconsin, U. S. A., August 25, 1952. 

This species has the aspect of a virulent parasite, with the infected leaves being killed 
by the time the pycnidia are produced. It is significant that none of the usual saprophytes 
are yet present, indicating very recent killing. Conidia are produced in vast numbers, the 
excess being frequently exuded in droplets almost the size of the pycnidium itself. A ring 
of somewhat darker cells delimits the wide ostiole. 


PHYLLOSTICTA CIRCUMSCISSA Cooke on Prunus americana. Dane Co., Madison, 
August 14. 


Phomopsis hieracii sp. nov. 


Maculis zonatis vel subzonatis, brunneis cinereisque, magnis, immarginatis, orbiculari- 
bus vel elongatis varie; pycnidiis sparsis vel gregariis, nigris, muris crassis, non-ostiolatis, 
subglobosis vel planis aliquantum, 115-175 “ diam.; conidiophoris tenuibus, confertis, 10- 
12 u longis; Phoma-conidiis hyalinis, fusoideis vel subfusoideis, 8-17 x 2.5-3.5 H; scoleco- 
sporis hyalinis, acicularibus, continuis, 17-30 x 1-1.5 4. ; 
Spots zonate or subzonate, brown with ashen markings, large, immarginate, variously 
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orbicular or elongate; pycnidia scattered or gregarious, black, thick-walled, non-ostiolate, 
subglobose or somewhat flattened, 115-175 @ diam.; conidiophores slender, crowded, about 
10-12 w long; Phoma-type conidia hyaline, fusoid or subfusoid, 8-17 x 2.5-3.5 Ml; scoleco- 
spores hyaline, acicular, continuous, 17-30 x 1-1.5 yu. 

On living leaves of Hieracium longipilum. Madison, Dane County, Wisconsin, U. S. A., 
July 15, 1952. 

In many cases entire leaves had been killed back by this aggressive parasite. Many 
plants in a large area were infected. The tissue in the spots is very thin and the large, non- 
ostiolate pycnidia are plainly visible on both sides of the leaf. Frequently the pycnidial 
walls impinging on the leaf surfaces seem fused with the leaf tissue, and thus appear thicker 


than the side walls. Most of the pycnidia occur in the ashen areas, but are not confined to 
them. 


STAGONOSPORA STRICTAE Ell. & Ev. on Carex stricta. Dane Co., Madison, July 4. 
This specimen corresponds closely with the description. Contrary to the usual situation 
with Stagonospora on Carex, the spots are very sharply defined on the living green leaves. 
They are pale tan, somewhat elongate, about 2-4 mm., with narrow, dark brown, wavy 
margins, usually running from one edge to the other of these very narrow leaves. The North 
American Fungi specimen was collected in January on dead leaves, but since the spots are 
well marked it seems safe to assume they developed on the green leaves. 


Septoria lamii Pass. var. brevior var. nov. 


Sporulis 15-30 x 1.5-2 yu. On Leonurus cardiaca. Madison, Dane County, Wisconsin, 
U.S. A., August 7, 1952. 

The spores of var. brevior are much shorter at their extreme than are those of any of the 
European specimens of S. /amii at their extreme. However, in view of the similar lesions 
and close host relationship, no more than varietal difference is indicated. 


Septoria achilleae sp. nov. 


Maculis fuscis, indistinctis; pycnidiis epiphyllis, gregariis, erumpentibus, piriformibus, 
pseudoparenchymaticis, fumosis infra, fuscis supra, 65-75 x 55-65 gu; sporulis prope rectis 
vel curvis leniter vel sublunatis, hyalinis, 23-36 x 3-3.5 w, 3-5-septatis. 

Spots dark brown, indistinctly delimited; pycnidia epiphyllous, gregarious, erumpent, 
pyriform, pseudoparenchymatous, sooty below, darker above, 65/75 x 55-65 4; spores almost 
straight or moderately curved to sublunate, hyaline, 23-36 x 3-3.5 mM, 3-5-septate. 

On living leaves of Achillea millefolium. Madison, Dane County, Wisconsin, U. S. A., 
August 10, 1952. 

Although erumpent, the pycnidia are deeply seated in the palisade tissue of the host. 
There is a wide ring of darker cells, involving the upper third or quarter of the pycnidium, 
around the ostiole. Since the individual leaf segments are so very narrow and hairy, dis- 
tinct spots are not present, the affected portions having been killed back. Two species of 
Rhabdospora are reported on stems of Achillea millefolium, but neither approximates this 


organism in microscopic dimensions. I have found no report of Septoria on any species of 
Achillea. 


Colletotrichum urticae sp. nov. 


Maculis cinereis, marginibus angustis, purpureis, circulis, sparsis, parvis, 1-2.5 mm. 
diam.; acervulis parvis, 50-65 « diam. ca.; epiphyllis; setis tenuibus, sinuosis, sparsis, solis 
vel in paribus, claro-brunneis, continuis, apicibus obtusis, 45-70 x 4-4.5 4; conidiophoris 
brevibus, tenuibus, prope obsoletis; conidiis rectis, fusoideis vel subfusoideis, hyalinis, 17- 
20 x 4-5 yw. 

Spots cinereous with a narrow purplish margin, rounded, scattered, small, 1-2.5 mm. 
diam., acervuli small, approx. 50-65 « diam., epiphyllous; setae slender, sinuous, scattered, 
single or in pairs, clear brown, continuous, apex obtuse, 45-70 x 4-4.5 gu; conidiophores 
short, slender, almost obsolete; conidia straight, fusoid or subfusoid, hyaline, 17-20 x 4-5 wu. 

On living leaves of Urtica gracilis. Madison, Dane County, Wisconsin, U. S. A., 
July 1, 1952. 

A clean-cut, although very delicate form. The large conidia are unusual for a species 
of Colletotrichum in being quite, or almost, without curvature. I have found no report of 
any species of Colletotrichum parasitic on any of the Urticaceae which occur in the northern 
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OVULARIA SPHAEROIDEA Sacc. on Vicia caroliniana. Sauk Co., Devils Lake, Septem- 
ber 10. European specimens in the Wisconsin Herbarium, distributed as Ovularia schwarzi- 
ana P. Magn. are the same as other specimens distributed as O. sphaeroidea Sacc. and, since 
the latter is much the earlier name it must be used. O. sphaeroidea is a very striking and 
distinctive species which, as Salmon (Jour. Bot. 43: 41. 1905) has pointed out, has nothing 
to do with the so-called Ovularia fallax (Bon.) Sacc. which seems to have been based on 
the conidial stage of Erysiphe polygoni. 


Cladosporium monardae sp. nov. 


Maculis nullis, fructificationibus amphigenis, hypophyllis plerumque; fasciis ex stromati- 
bus; stromatibus subglobosis vel planis leviter, pseudoparenchymaticis, nigricantibus, parvis, 
20-35 m diam.; fasciis numerosis, 2-3 conidiophoris divergentibus plerumque, conidiophoris 
fuscis, muris crassis, variis, rectis simplicibusque fere vel tortis et x-geniculatis, fortiter et 
prope 5-1 1-septatis, 75-125 x 4.5-5.5 gu; conidiis subcylindraceis, subfusoideis, vel fusoideis, 
levibus, olivaceis, catenulatis, uniseptatis vel continuis, 10-15 x 3.5-4.5 s. 

Spots none, fruiting amphigenous, but mostly hypophyllous; tufts of conidiophores 
arising from small, subglobose or slightly flattened, pseudoparenchymatous, blackish stro- 
mata, 20-35 m diam.; tufts numerous, usually with only two to three loosely diverging 
conidiophores; conidiophores dark brown, thick-walled, variable, from almost straight and 
simple to tortuous and several times geniculate, strongly and closely 5-11-septate, 75-125 x 
4.5-5.5 ws conidia subcylindric, subfusoid, or occasionally fusoid, smooth, olivaceous, catenu- 
late, uniseptate or continuous, 10-15 x 3.5-4.5 wu. 

On living leaves of Monarda punctata. Madison, Dane County, Wisconsin, U. S. A., 
August 10, 1952. 

A well-marked form, what with the numerous tiny stromata, many of which are con- 
nected by more or less superficial hyphae. Occasional conidiophores arise individually 
from these decumbent hyphae, but the great majority are in‘ tufts. Conidiophore septa- 
tion is very noticeable and in some phores the individual cells are almost isodiametric. I 
find no report of any parasitic species of Cladosporium on any labiate. 


CERCOSPORA PASPALI Ray on Paspalum stramineum. Grant Co., Nelson Dewey 
Memorial Park near Cassville, August 16. 


Cercospora cypericola Chupp & Greene sp. nov. 


Maculis irregularibus, parvis vel magnis elongatisque, fusco-ferruginibus, marginibus 
distinctis raro; hypophyllis plerumque; stromatibus nullis vel paucis brunneis cellis intra- 
stomatibus; fasciis 3-15 conidiophoris divergentibus pallidis vel mediis olivaceo-brunneis, 
apicibus leviter pallidioribus angustioribusque, 0-5-septatis, 0-3-geniculatis, non ramosis, 
cicatricibus parvis ad apices conicos obtusos, 4-5.5 x 20-85 yu; conidiis hyalinis, obclavatis, 
curvis plerumque, indistincte multiseptatis, basibus obconicis, apicibus acutis, 2-3.5 x 30- 
120 yw. 

Spots irregular, minute flecks to large and elongate areas, dark reddish-brown, rarely 
with distinct margin; fruiting chiefly hypophyllous; stromata none, or a few brown cells 
filling stomatal openings; fascicles of 3-15 divergent conidiophores, pale to medium oliva- 
ceous-brown, slightly paler and more narrow toward the tip, 0-5-septate, 0-3-geniculate, 
not branched, small spore scar at the dull conic tip, 4-5.5 x 20-85 yu; conidia hyaline, 
obclavate, mostly curved, indistinctly multiseptate, base obconic, tip acute, 2-3.5 x 30- 
120 

On living leaves of Cyperus strigosus. Madison, Dane County, Wisconisn, U. S. A., 
August 11, 1952. 

Earlier collections from Dane, Iowa, and Dunn counties by the late J. J. Davis on 
Cyperus filiculmis var. macilentus and on C. schweinitzii (labeled as C. caricina Ell. & 
Dearn.) have likewise been determined as C. cypericola. 

C. cypericola differs from C. caricis Oud. (C. caricina Ell. & Dearn.) in having dis- 
tinctly longer, darker colored conidiophores, the conidia more curved, and with a plainly 
obconic base. The other species on Cyperus, C. cyperi Sawada and C. ugandensis Hans- 
ford, have wide conidia. 


CERCOSPORA PULCHERRIMAE Tharp on Euphorbia marginata. Dane Co., Madison, 
August 4. The small specimen was sent in entirety to Chas. Chupp for determination, 
and a label has been placed in the Wisconsin Herbarium in lieu of a specimen. 


CERCOSPORA EUPHORBIAE Kell. & Sw. on Euphorbia corollata. Dane Co., Black 
Earth, August 12. Det. Chas. Chupp. 


Notes and Discussion 


New Southern Illinois Plant Records 


The following list of plants represents significant additions to the known flora of 
southern Illinois. The first four records constitute additions to the known flora of Illinois 
while the others are of importance because they are extensions of known range, or are 
additional records of the rare occurrence of the species. Ranges and previous records are 


based primarily on the second edition of Flora of Illinois (G. N. Jones, 1950). All 
plants were collected by the authors and are deposited at Southern Illinois University. 


Prants Not Previousty REPORTED FROM ILLINOIS 
Glyceria pallida (Torr.) Trin—Swamp near spring, Wolf Lake “Scatters,” northwest 
Union Co., June 27, 1951, 1500. 
Carex decomposita Muhl.—On logs and side of trees in water, Wolf Lake “Scatters,” 
northwest Union Co., June 27, 1951, 1499. 


Rhynchospora glomerata (L.) Wahl—Sandy soil along creek, Belle Smith Springs, 
Pope Co., Aug. 23, 1951, 1769. 

Nuphar microphyllum (Pers.) Fern.—Shallow water, Wolf Lake “Scatters,”’ northwest 
Union Co., Aug. 13, 1951, 1855. Only one colony found and no flowers or fruits 


were observed. 
ADDITIONAL LocaLity RECORDS 


Panicum implicatum Scribn.—Drainage ditch, near Sparta, Randolph Co., June 25, 
1951, 1453. 


Carex virescens Muhl.—Wooded valley near bluff, Belle Smith Springs, Pope Co., 
June 26, 1951, 1648. 

Cyperus rivularis Kunth—Sandy beach, Lake Glendale, Pope Co., June 14, 1951, 1575. 

Wolffia papulifera Thompson—Wolf Lake “Scatters,” Union Co., Aug. 8, 1951, 1890. 

Juncus secundus Beauv.—Sand deposit along stream, dry most of year, Belle Smith 
Springs, Pope Co., July 15, 1951, 1563; Open weedy hilltop, inside old Indian fort, 
near Stonefort, Saline Co., July 26, 1951, 1661. Listed as occurring in Illinois by Deam 
(1940) but not included in this state by Jones (1950) or Fernald (1950). 

Monotropa lanuginosa Michx.—Oak-hickory hilltop, west of Murphysboro, Jackson 
Co., July 4, 1951, 1509. 

Erucastrum gallicum (Willd.) O. E. Schulz—Railroad ballast, north of Pomona, 
Jackson Co., July 5, 1951, 1515. 


Saxifraga forbesii Vasey—Moist sandstone bluff, The Pounds, south Gallatin Co., 


May 14, 1951, 1352.—Julius R. Swayne and Wm. M. Bailey, Southern Illinois Uni- 
versity, Carbondale. 


REFERENCES 
Dea, C. C. 1940—Flora of Indiana. Indianapolis. 
Fernatp, M. L. 1950—Gray’s Manual of Botany (ed. 8). American Book Co. 


Hircucocx, A. S. 1950—Manual of the Grasses of the United States (ed. 2, revised 
by Agnes Chase). Washington. 


Jones, G. N. 1950—Flora of Illinois (ed. 2) Amer. Midl. Nat. Monogr. 5. University 
of Notre Dame. 


Notes on Aquilegia* 
Except when stated otherwise, all specimens cited below are preserved in the herbarium 


of the Division of Botany and Plant Pathology, Department of Agriculture, Ottawa 
(DAO). 


* Contribution No. 1208, Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Ontario. 
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AQUILEGIA BREVISTYLA Hooker; A. canadensis L. var. hybrida Hooker, Fl. Bor. Am. 
1:24. 1829, 

The type of Hooker’s variety (at Kew) is a characteristic specimen of A. brevistyla 
— The plant heretofore called A. canadensis L. var. hybrida Hooker must then 

ome: 

AQUILEGIA CANADENSIS L. var. eminens (Greene) stat. n.; Aduilegia eminens 
Greene, Rep. Sp. N. 13:320. 1914; A. canadensis L. var. hybrida AA. nec Hooker. 

The type of Hooker’s variety comes from the Rocky Mountains, about 700 miles west 
of the nearest known locality of var. eminens. Furthermore the type of var. hybrida 
Hooker is a characteristic specimen of A. brevistyla Hooker. 

AQUILEGIA CHRYSANTHA Gray var. RYDBERGII Munz f. pleiocalcarata f. n. Laminis, 
calcaribus sepalisque 6-10 in flore. Type: F. Fyles, test plots, Horticultural Division, 
Central Experimental Farm, Ottawa, July 4, 1928. 

AQUILEGIA FORMOSA Fischer var. communis var. n. Sepala cardinalia 12-22 mm 
long., 5-8 mm lat. 

BRITISH COLUMBIA: Gillett & Mitchell 3661, Bennett, railway embankment, abun- 
dant, flowers scarlet, stamens and corollas yellow, July 11, 1949 (type); D. A. Mitchell 
176, Bennett, clearings along railway, abundant, July 13, 1949; E. W. Tisdale 40-400, 
Kamloops, Tranquille Range, upper montane forest, 3200’, June 26, 1935; E. W. Tisdale 
40-401, Blue Lake near Lytton, alpine zone on gravel slide, 7000’, Aug. 5, 1938; (J. M. 
Macoun?) Agassiz; W. Newton, Sooke River, pothole, July 16, 1939; H. Groh, Ruskin, 
May 16, 1931; Fletcher & Anderson, Mt. Cheam, 15 Aug., 1901; J. R. Anderson, Vic- 
toria, woods; G. R. Sawes, Enderby, July, 1898; C. W. Lowe, Nanaimo, June, 1931; 
M. C. Dudley 187, Cameron L., Vancouver Is., June 15, 1940. 

WASHINGTON: W. J]. Eyerdam 1454, Mr. Pugh, Snohomish Co., 2000 m. elev., 
July 14, 1935. 

AQUILEGIA FORMOSA Fischer var. megalantha var. n. Sepala cardinalia 22-28 mm 
long., 8-11 mm lat. 

BRITISH COLUMBIA: J]. M. Macoun 69384, first summit w. of Skagit River, by a 
brook, alt. 4000 ft., July 18, 1905 (type). 

ALASKA: J]. P. Anderson 6259, Juneau, rocky hillside, June 18, 1940; W. J. Eyer- 
dam 7321, Port San Juan, Evans Island, on creek bank, July 25, 1948.—BERNARD 
Boivan, Department of Agriculture, Ottawa, Canada. 


A New Form of Gentiana Romanzovii 


On September 7, 1951, an unusual form of Gentiana Romanzovii Ledeb. was col- 
lected in the tundra of Larimer County west of Estes Park, Colorado, along Trailridge 
Road at 12,000 feet. This plant predominated as large mats in palustro-seres and along 
drainage lines. 

The collected material, when compared with herbarium specimens of Gentiana Roman- 
zovii, varied in that the flower of most had 6-lobed accessory whorls an] an androecium 
of 6 stamens. All other floral characters including the pattern of fine blue lines and dots 
in the citrellus corolla were typical. There were no vegetative differences. Thus undoubt- 
edly this form represents a very singular mutation; however, it may be noteworthy since 
the literature on the genus shows only a variation in number of floral parts of 4-5. In 
rare instances plants were found which were 4-merous. This variation is not described 
for the species.* 

Gentiana Romanzovii Ledeb. forma hexaloba forma nov. (Fig. 1) periandrom atque 
androecium sexparitionum; notae ceterae constantes. 

Plant with 6-merous flowers except for gynocium; this form differs from the typical 
G. Romanzovii only in this one floral variation, one not typical of the genus.—Marshy 
tundra west of Estes Park, Larimer County, Colorado, along Trailridge Road at 12,000 
feet, September 7, 1952 (Type in Harris Herbarium, North Texas State College). 
—ArcuHiBALpD W. Roacu, North Texas State College, Denton. 


* Coulter, J. M. and A. Nelson, New Manual of Botany, 1937. 


NotTEs AND DISCUSSION 


Fig. 1.—An opened flower showing the 6-merous arrangement 
of the androecium and accessory whorls. 


Nembutal as a Relaxing Agent for Mollusks* 


With the increasing need for studies of the anatomy and comparative morphology of 
mollusks, means for relaxing specimens prior to fixation have proven to be of prime 
importance. In the Vade-Mecum, Lee includes a number of agents which have proven 
useful in narcotization. Among them the more widely known include: menthol, nicotine, 
chloroform, ether, alcohol, chloretone, chloral hydrate, magnesium chloride or sulphate 
(Epsom Salts), and others. Often asphyxiation is employed to attain the same end. 
Among freshwater mollusks menthol has been used with considerable success by E. J. 
Allen at Plymouth (see Lee, Vade-Mecum, p. 10); E. G. Berry (1943); E. Abdel- 
Malek (1951; thesis, 1952); and others. Although excellent relaxation can be attained 
with menthol, it has proven often to be too unpredictable. As a consequence, alternate 
methods are desirable. For example, a colleague who collected aquatic pulmonates in 
Alaska last summer reported that of the batches of snails prepared for fixation with 
menthol only, some were satisfactory. His results were summarized in his own words as 
follows: “Some look pretty good to me and others pretty poor as you will see.” 

For the past several months our work has been concerned with field and laboratory 
studies of amnicolid snails in the genus Pomatiopsis. As the animals were brought from 
the field an attempt was made to obtain series of well relaxed specimens. At first menthol 
was used in this process, but in spite of the fact that the generally accepted technique was 
employed by two individuals independently there were too many unrelaxed specimens in 
each batch to warrant the exclusive use of that method. In searching for another anes- 
thetic, nembutal was tested. The idea was first suggested during a field trip with Norman 
Hartweg who used it to good advantage in relaxing amphibians and reptiles by injection. 
He told me that it was possible to apply the needle to a rattlesnake while the animal was 


* Support for this work was provided in part by the Horace H. Rackham School of 
Graduate Studies of the University of Michigan. 
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still in the collecting bag. The nembutal worked so well that all danger of handling 
Poisonous reptiles was avoided. During that same field trip the drug was used on 
aquatic mollusks. The concentrations used at that time were too high, consequently those 
series did not relax well. Later the nembutal method was suggested to Carl Obrecht of 
the University of Detroit. He found that by diluting the stock solution to one-tenth 
good results could be obtained. 

In our work with small amnicolid snails of the genus Pomatiopsis, the following 
schedule yielded good results: Fifty to one hundred animals were placed in a finger 
bowl with about 80 cc of tap water. A few drops of a concentrated alcohol were added 
to the water. When the animals were quite active, 1 cc of 1/10th stock solution of veter- 
inary sodium nembutal (60 mg. per cc.) was introduced. At intervals of one to two 
hours the diluted (1/10th) solution was added in doses of 1 to 3 cc. After 12 to 24 
hours the animals so treated were well relaxed and ready for fixation. It was of interest 
to find that there was a constant difference between the two species of Pomatiopsis studied. 
The larger species, Pomatiopsis lapidaria, on the average took twice as long in this relaxa- 
tion process as did the smaller species, Pomatiopsis cincinnatiensis. Whether this difference 
in the time required for complete relaxation is merely a reflection of the difference of size 
between these forms or whether it is due to a specific difference in reaction to the drug 
remains an open question. 

The addition of a small amount of alcohol prior to the application of the nembutal 
seemed to irritate or stimulate activity. While they are thus active the drug is applied. It 
is not clear whether the use of alcohol is advantageous. In these procedures the method 
is entirely empirical. Information is needed as to how either nembutal or menthol act to 
bring about the kind of relaxation needed for proper fixation. Lee Worrell of our School 
of Pharmacy suggested that he could understand why nembutal would serve to relax the 
animals but in terms of the nature of the substance he felt it would be difficult to appre- 
ciate in what manner the menthol caused relaxation. In this connection it is interesting 
to note that with nembutal one does not have any difficulty due to moving a container or 
jarring one with snails that are being relaxed. The specimens can even be manipulated 
without causing contraction. It is generally conceded that, with menthol, it is ruinous 
to good relaxation to disturb in any way the animals being relaxed—HENRY VAN DER 
ScHatie, University of Michigan, Museum of Zoology, Ann Arbor. 
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